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[''Mineral Resources of the United States, 1883 and 1884. "] 
The publications of the United States Geological Survey are issued in accordance with the statute, 
approTed March 3, 1879, which declares that-
.. The publications of the Geological Survey shall consist of the ar:nual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Survey 
ahall accompany the annual report of the Secretary of the Interior. .A.ll special memoirs and reports 
of aaid Survey shall be issued in uniform quarto series if deemed neceesary by the Director, but other-
-wiae in ordinary octavos. Three thousand copies of each shall be published for sdentific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
ahall be the property of the United States and form a part of the Library of the organization: .And the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
State8." 
On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congrese: 
"That whenever any document or report shall be ordered printed by Congress, there shall be printed 
in addition to the number in each case stated, the 'usual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 
Under these general laws it will be seen that none of the Survey publications are furnished to it for 
,iratuitous distribution. The 3,000 copies of the Annual Report are distributed through the document 
rooms of Congress. The 1,900 copies of each of the publications are distributed to the officers of the 
legislative and executive departments and to atated depositories throughout the United States. 
Except, therefore, in those cases where an extra number of any publication is supplied to this Office 
by special resolution of Congress, as has bee11 done in the case of the Second, Third, Fourth, and Fifth 
Annual Reports, or where a number has been ordered for its use by the Secretary of the Interior, as in 
the case of Mineral Resources and Dictionary of Altitudes, the Survey has no copies of any of its pub-
lications for gratuitous distribution. 
ANNUAL REPORTS. 
Of the Annual Reports there have been already published: 
I. First Annual Report to the Hon. Carl Schurz, by Clarence King. 1880. 8°. 79 pp. 1 map.-.A 
preliminary report describing plan of organization and publications. 
II. Report of the Director of the United States Geological Survey for 1880-'81, by J. W. Powell. 
1882. 8°. Iv, 588 pp. 61 pl. 1 map. 
ill. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883. 
8°. xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United Sta.tee Geological Survey, 1882-'83, by J. W. Powell. 1884. 
80. xii, 473 pp. 85 pl. and maps. 
The Fifth and Sixth Annual Reports are in press. 
MONOGRAPHS. 
Of the Monographs, Nos. II, ID, IV, V, VI, VII, and VID are now published, viz.: 
II. Tertiary History of the Grand Caiion District, with atlas, by Clarence E. Dutton, Capt. u. S • .A. 
1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12. 
IlI. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 
1882. 4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50. 
V. Copper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 40. xvi, 464 pp. 15 l. 
29 pl. Price fl.85. 
VI. Contributions ~o the Knowledge of the Older Mesozoic Flora of Virginia, by Wm. M. Fontaine. 
1883. 4°. xi, 144 pp. 54 l. 54 pl. Price $1.05. 
VII. Silver.lead Deposits of Eureka, Nevada, by Joseph S. Curtis. 188i. 40_ xiii, 200 pp. 16 pl. 
Price $1.20. 
VIlI. Paleontology of the Eureka District, by Charles D. Walcott. 188i. 4c;i_ xiii, 298 pp. 24 l. 
M pl Price $1.10. 
ADVERTISEMENT. 
The following are in press, viz.: 
IX. Brachiopoda and Lamellibranchia.ta of the Raritan Clays and Green~and Marls of New .Terse:y. 
bv Robert P. Whitfield. 1885. 4°. ix, 338 pp. 35 pl. 
· X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh. 
1885. 4°. -, -pp. 56 pl. 
XI. Geological History o·f Lake Lahontan, a Quaternary Lake of Northwestern Nevada. by Israel 
(;ook Russell. 1885. 4,0. xiv, 288 pp. 46 pl. 
The following are in preparation, viz. : 
I. The Precious Metals, by IJlarence King. 
- Geology and Mining lndustry of Leadville, with atlas, by S. F. Emmons. 
- Geology_of the Eureka Mining District, Nevada, with atlas, by Arnold Hague. 
- Lake Bonneville, by G. K. Gilbert. 
- Sauropoda, by Prof. 0. C. Marsh. 
- Stegosauria, by Prof. 0. C. Marsh. 
BULLETINS. 
fhe Bulletins of the Survey will contain such papers relating to the general purpose of its work a.a 
clo not properly come under the heads of Annual Reports or Monographs. 
Ea.ch of these Bulletins will contain but one paper and will be complete in itself. They will, bow 
ever, be numbered in a continuous series, and will in time be united into volumes of convenient sizes. 
To facilitate this, each Bulletin will have two paginations, one proper to itself and another which be-
longs to it as part of the volume. 
Of tbi.s series of Bulletins Nos. 1 to 21 are already published, viz.: 
1. On Uypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, with 
a Geologi,·al Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 pp. 2 pl. Price 10 centR. 
2. Gold and Silver Conversion Tables, giving the coining value of troy ounces of fine metal, etc., by 
A.lbert Williams, jr. 1883. 8°. ii, 8 pp. Price 5 cents. 
3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30', from Tompkins County, 
New York, to Bradford County, Pennsylvania, by Henry S. Williams . . 1884. 8°. 36 pp. Price 5 cgnts. 
4. On Mesozoic Fossils, by Charles A. White. l'l84. 8°. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8°. 325 pp. 
Price 20 cents. 
6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A. catalogun of geological maps of America (North and Sooth I , 
1752-18 I, by .Jules Marcou and John Belknap Marcou. 1884. 8°. 184 pp. Price 10 cents. 
8. On condary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C.R. 
Van Hi . 1884. 8°. 56 pp. O pl. Price 10 cents. 
O. A R port of work done in the Washington Laboratory during the fii;ical year 1883-'84. F. W. 
Clarke, chief chemist ; T. M. Cha.tard, assistant. 1884. 8°. 40 pp. Price 5 cents. 
10. On the Cambrian Faunas of North .America. Preliminary studies by Charles Doolittle Walcott. 
1884. 8°. 74 pp. 10 pl. Price 5 <'ents. 
ll. On the Quaternary and Recent MolluSCll of the Great Basin; with Descriptions ofNewForms, by 
R. Ellsworth Call; introduced by a sketch of the Quaternary Lakes of the Gt·eat Basin, by G. K. Gil· 
b rt. 1 84. 8°. 60 pp. 6 pl. Price 5 cents. 
12. A 'rystallogra.pbic Study of tbe Thlnolite of Lake Lahontan, by Edwartl S. Dana. 1884. So. 
34 pp. 3 pl. Price 5 cent . 
13. Bounda1i a of the United States and of the s veral States and Territories, by Henry Gannett, 
l ". 0 • 135 pp. Price 10 cents. 
14. Th Electric:i.l and Magn tic Properties of the Iron Carburcts, by Carl Barus and Vincent 
trouhal. 1 5. s0 • 238 pp. Pri e 15 cents. 
15. On th ozoic and Cenozoic Paleontology of California, by Dr. C. A. White. 18811. so. 33 pp. 
Faunas of Ontnrio County, N w York, by J.M. Clarke. 1885. ao. 
Igneous Rocks of W asboe, by Arnold Hague and 
ioux 1 
form Volum T; ... umh r11 7 to 14. Volnm II ; and Numbers 15 to 23, 
ol nm IV 1 no y t ompl 
ADVERTISEMENT. 
The following are in press, viz. : 
22. On New Cretaceous Fossils from California, by Charles A. White, M. D. 1885. 8°, 25 pp. 5 pL 
Price 5 cents. 
23. The Junction between the Eastern Sandstone and the Keweenaw Series on Keweenaw Point. by 
R. D. Irving and T. C. Chamberlin. 1885. 8°. - pp. 17 pl. Price - cents. ' · 
24. List of Marine Mollusca, comprising the Quaternary fossils and recent forms from American 
localities between Cape Hatteras and Cape Roque, including the Bermudas, by W. H. Dall. 1885. 8°. 
-336 pp. Price 25 cents. 
25. The Present Technical,Condition of the Steel Inp.ustry of the United States, by Phineas Barnes. 
1885. 8°. 82 pp. Price 10 cents. 
26. Copper Smelting, by Henry M. Howe. 1885. 8°. -pp. Price-cents. 
STATISTICAL PAPERS . 
• \. fourth series of publications, having .special reference to the mineral resources of the United 
'States, is contemplated. 
Of that series the following have been published, viz: 
Mineral Resources of the United States [1882], by Albert Williams, jr. 1883. 8°. xvii, 813 pp. Price 
50 cents. 
Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 8°. xiv, 1016 
pp. Price 60 cents. 
Correspondence relating to the publications of the Survey, and all remittances, which must be by 
l'OSTAL NOTE or MONEY ORDER (not stamps), should be addressed 
WASHINGTON, D. C., September 1, 1885. 
TO THE DIRECTOR OF THE 
UNITED STATX.S GEOLOGICAL SURVEY, 
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LETTER OF TRANSMITTAL. 
UNITED ST.A.TES GEOLOGICAL SURVEY, 
DIVISION OF MINING STATISTICS .A.ND TECHNOLOGY, 
Washington, D. 0., June 9, 1885. 
Sm : I have the honor to transmit herewith a statistical report upon 
the present condition of the mining industries of the United States. 
This report is the second of the series, the first volume having been 
issued in 1883. The earlier report brought the statistics of production 
to the close of 1882, with estimates for the first half of 1883. The 
present report carries the statistics to December 31, 1884, and is enti-
tled '' Mineral Resources of the United States, Calendar Years 1883 
and 1884." In accordance with your instructions, it is proposed to issue 
a third volume (for the calendar year 1885) early in 1886. 
Very respectfully, your obedient servant, 
Hon. J. W. POWELL, 
ALBERT WILLIAMS, JR., 
Geologist in charge. 




.Acknowledgments.-Oontributed papers appear under the names of 
the writers; but it has been found impossible to give credit for much of 
the information received from agents and correspondents. As was said 
in a former report, a mere mention of the names of those who have re-
sponded, oftPn at considerable sacrifice of time and trouble, to the thou-
sands of inquiries which have been addressed to them through the mails, 
would in itself occupy many pages. It would be ungracious, howevn, 
to omit testifying to the uniform courtesy and interest dis-played by 
miners, manufacturers, and dealers in mineral products, without whose 
public spirit and cordial co-operation little could be accomplished. 
Scope of the report.-Tbis volume is for the calendar years 1883 and 
1884. While it bears the same title, with the exception of the date, as 
the former one (" Mineral Resources of the United States," published 
in 1883), it is not a reprint or second edition of ~bat report. The tables 
of production are reproduced; but it has been the endeavor to avoid-
so far as possible, repetition of the descriptive matter-a difficult ques-
tion sometimes, as for certain mineral industries there is little to add 
to what has already been said, and as the text of the first report was 
too concise to bear further condensation. The two volumes should be 
consulted together. Some of the minor topics treated of in the first 
report, but regarding which no changes have occurred in the last two 
years, a.re omitted. On the other hand, some subjects which were not 
adequately discussed before are now dealt with at considerable length. 
This causes ao apparent want of proportion between the space allotted 
t-0 some of the subjects and their relative importance. Such dispropor-
tion has seemed unavoidable. 
The gold and silver mining industrie8 have been reported on by the 
late Director of the Mint for the years 1880, 1881, 1882, and 1883; and 
his report for 1884 will be issued during the present year. It is deemed 
unadvisable to duplicate this work, and the matter here given is merely 
a compact statement of the production statistics, in which the estimates 
of the Director of the Mint for the last four years are accepted as official. 
Close of the time covered by this report.-In justification of the state-
ments made by specialists who have contributed to this volume it should 
be stated that their reports and those of agents represent their views -
at the time of writing, which in most instances was immediately after 
the close of the year 1884. The unavoidable delay in publication of 
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this volume has allowed the lapse of time which has developed 8ome 
new features, but as this is professedly a report coYering only the time 
ending December 31, 1884, it has been deemed unadvisable to add state-
ments of later events, which will be more properly discussed in a sub-
sequent volume, though in a very few cases late notes have been in-
serted. 
Delay in publication.-Althongh strenuous efforts were made to com-
plete this work at an earlier date, it was found impracticable to do so. 
Tbe value of statistical publications depends very largely upon the 
promptness with which they are issued, and the gentlemen who have 
assisted jn tlle collection of these statistics were fully impressed with 
the importance of this consideration. In a compilation covering so 
mau;y details of equal weight delay in a few branclles, or even in a single 
one, suffices to retard the completion of the whole, no matter how for-
ward the condition of the mass of the matter may be. 
Arrangement of matter.-The form of presentation adopted is that 
which leads to convenience of reference. The sections are divided ac-
cording to the mineral products discussed, the geographical distribu-
tion of occurrences being subsidiary to the grouping by substances. In 
this way everything relating to copper, for example, will be found in 
one portion of the book; everything relating to salt, in another, with 
some few exceptions, where the overlapping is indicateu. by cross-refer-
ences. Thus a glance at the table of contents will show where to look 
for information of a given kind. 
Character of the production statistics.-In the case of some products, 
as for example, quicksilver, the statistics are accurate to the last unit; 
in others, as iron, they are probably correct to within a small fraction 
of 1 per cent.; in others, as copper, lead, zinc, mineral waters, salt. etc., 
they rest upon a large mass of exact individual returns, in which, how-
ever, gaps have to be filled by estimates; in still others, as pyrites, 
natural gas, etc., the totals represent a consolidation of estimates for the 
several producing localities; in others, as lime, cement, building stone, 
etc., the figures are the lump estimates of authorities, based on the 
known changes in the state of the industries since the collection of the 
cen u tati tic ; and finally, ome of the estimates are simply the best 
gne e po ible under the circumstances. It has been the endea,or 
to how with perfect frankne s the relative reliability or crerlibility of 
the e different grade of figure ; and indeed, when a product is stated 
at" about 30,000 ton , worth about 120,000," the use of the round figures 
p ak for it .. lf. But it will be generally admitted that a round e ti-
mat put f rth·for what it i · hone tly worth and no more, is not only 
b tt r than nothing, but oft n b tte1· than incomplete returns obtaiued 
b ir ct an a . , o far a the total i concerned. And to conduct a 
complete direct anva s-that i , a cen us-of all the mineral indust,ries 
w uld b out f th qu tion, the xpen e of the tenth census in the 
am ft ld ha ing en not le tha.i forty, and probably more than 
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fifty, times more than tLe entire cost of the present volume or its 
predecessor. 
The unit of quantity adopted is that commonly used in the several 
trades. It is a misfortune that the standards of weights and measures 
accepted in this country are not more uniform ; but it is questionable 
whether a reduction of the units of quantity to uniform terms would 
much help the matter, since the usage is so different in different indus-
tries and al~o in different parts of the United States. 
The ton of 2,240 pounds is in this report called the "long" ton. and 
that of 2,000 pounds is called the "short" ton; the terms "gross" to_n 
and "net" ton being sometimes misleading, as for instance where 
'' gross ton of ore" might be taken to mean a ton (of perhaps only 2,000 
pounds) including moisture, or where 11 net" might be understood as 
referring to the weight after deducting the tare of package, etc. In quot-
ing statistics of the European continent the "metric" ton (tonne) of 
2,204 pounds avoirdupois is generally adopted and is specified. For 
Great Britain and its colonies the long ton of 2,240 pounds is the unit. 
Pounds are avoirdupois throug·hout, unless otherwise specified. 
The statistics of the weights of imports into and exports from the 
United States are quoted in long tons and long hundredweights (112 
pounds), these being the units adopted at the custom-houses. 
Oalenda,r and.fiscal years.-Unless otherwise specified, years are un-
(1erstood to be calendar years ending December 31. The Government 
lfacal year ends June 30, and is designated by the number of the calen-
dar year in which it is completed. Imports and exports, with a very 
few exceptions, are given by fiscal years because they are thus reported 
by the Treasury· Department, and because a considerable delay would 
ensue if a computation by calendar years were attempted. It is ad-
mitted that for purposes of comparison the calendar year would be a 
more conYenient time unit. 
Imports and exports.-The very valuable statistics of imports and ex-
ports, obtained through the courtesy of the Bureau of Statistics of the 
Treasury Departmeut, need a word of explanation, inasmuch as some 
of the tables of back statistics of imports given in this report differ 
considerably from those published in the former volume of this series. 
This apparent discrepancs does not involve an error, however. Both 
ets of figures are correct. The Bureau of Statistics of the Treasury 
Department, in i.ts annual reports on "commerce and navigation," bas, 
since 1867, published two kinds of import tables: The first embraces (l) 
imported articles entered for immediate consumption on arrival, plus 
(2) entries of imported articles for warehouse; the second form of table 
shows the imports entered for consumption, with rates of duty and 
amounts of duty collected on each article, and embraces (1) a,rticles en-
ter~d for immediate consumption on arrival, plus (2) articles withdrawn 
from wareboui:-e for consumption. The latter import table affords a 
better idea than the first of t,he conrnmption of the various imported 
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articles, but the total value of the articles which would appear in one 
table would in many cases differ from the amount shown in the other 
table by the difference between the amount entered for warehouse and 
the amount withdrawn from wareho11se for consumption. The present 
import figures are therrfore based upon quarterly returns, which in-
clude (1) "entries for immediate consumption/' plus (2) '"withdrawals 
from warehouse for commmption.~' These give a clearer view of the con-
sumption in this country than figures including in p~rt entries for ware-
house, since the classification ancl appraisal are more .accurate when 
goods are taken out of warehouse than when first sent to warehouse on 
a provisional classification. For example, imported iron pyrites con-
taining some copper might at first be classed, on entry, as sulphur ore 
or iron ore; and afterwards, on appraisal at the time of witlldrawal, be 
known as copper ore, according to the application of the tariff rules. 
The withdrawals from warehouse are also evidently a better guide as to 
the demand for consumption during ·a given period than are the entries 
for warehouse. 
NOTIOE. 
This volume, "Mineral Resources of the United States, 1883 and 1884," is the sec-
ond of the series. Its price is 60 cents. ·The price of the first volume, "Mineral Re-
sources of the United States," is 50 cents. Remittances should be made by postal 
note (not stamps), and should be addressed to the Director, United States Geological 
Survey, Washington, D. C. In ordering the volumes of this series care should be 
taken to designate the first 11,s " Mineral Resources, 1882," the second as "Mineral 
Resources, 1883 and 1884." 
Corrections, additions, or notice of important omissions, reports and maps of.mines 
or mining districts, pamphlets on metallurgical processes, brief notes on new mineral 
localities, eto., will be highly appreciated, and should be addressed to Albert Will-
iam.s,jr., U.S. Geological Survey, Washington, D. C. Duplicate copies of all such 
reports, maps, pamphlets, or notes as are actually published are especially desired .. 
for continuing the already fine set of mining pamphlets, etc., in the library of the 
Survey, and wi11 be thankfully acknowledged if sent 
To THE DIRECTOR OF THE 
UNITED STATES GEOLOGICAL SURVEY, 
. WASHINGTON, D. C, 

MINERAL RESOURCES OF THE UNITED STATES. 
CALENDAR YEARS_ 1883 AND 1884. 
ALBERT WILLIAMS, JR., 
Chief of Division of Mining Statistics and Technology. 
SUMMARY-1884. 
Ooal.-Tbe only statistics in which the trade is interested are tliose 
relating to tbe amount of coal which is mined for and. reacliPs the 
11iarket. There is besides a local and colliery consnmptiou whicl1 is 
usually disregarded in statistics, and which ranges from 5 to 6½ }H'r 
cent. of the total shipments. Of what may be called the commercia l 
product the quantities in 1884 were as follows: Pennsylva.nfa anthra-
cite, 30,718,293 long tons; bituminous and brown coal, lignite, and small 
lots of anthracite mined elsewhere than in Pennsylvania, G6,80D,35G 
long tons; total, 07,527,G49 long tons. The spot wi1ue of the commer-
cial product was: Pennsylvania anthracite, $61,436,586; bituminous 
and all other coals, $70,149,824; total, $131,586,410. Including tlie 
local consumption, etc., the total product in 1884 may be stated at 
106,00G,29,3 long tons; namely, 33,175,7/56 long tons of· Peun~ylrnnia 
a11thraeitr and 73,730,539 long tons of bituminous and all other coal:--; 
and tlte ,alne at the mines was: Pennsyhanin, anthracite, $tiG,~3.::il,ul~; 
l,itnminons and all other coals, $77,417,066; total, $143,708,578. The 
total procluetion (that is, including colliery a,ud local commmptio11) of 
authrncite was 1,160,713 long tons less than in 1883, wbile its ,·alue 
mu; $10,905,543 less, the disproportionate decline in value b<.'iug due to 
a fall of 25 cents per ton in spot price ($2.25 to $2). The total uiturni-
uou:-, coal production increased 5,190,039 long tons over tbat of 1883; 
hut its Yalue was $4,820,734 less, the average ,aluation at the collieries 
having fallen from $1.20 to $1.05. The total output of all coals showed 
a uet gaiu in tonnage of 4,038,326 long tons and a decline in value of 
$15,7~G,~77. 
Ool.:e.-There were 4,873,805 short tons of coke made in 1884, worth 
$7,242,878 at the ovens. This production consumed 7,051,H7 4 short tons 
1 
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of co:,.l. The amount of coke made was 590,916 tons less than ju 1883, 
aud the .value was $878, 7~9 less. 
Petroleuni.-The production of crnde petroleum in 1884 was 24,089,758 
barrels of 42 gallons each, of which the Pennsylvania and New York 
oil fields produced 23,622,758 barrels . . The total value, at an average 
spot price of 85 cents, was $20,476,294. As compared with 1883 the pro-
duction was 689,529 barrels greater; but the total value was $5,263,958 
less, the average spot price having fallen from $1.10, or 25 cents per 
barrel. · 
Natural gas.-The e&timated value of the natural gas . used in the 
United States in 1884 was $1,460,000, as against $475,000 in 1883. The 
Yalue is computed from that of the coal superseded by natural gas. 
Iron.-The principal statistics for 1884 are as follows:· Iron ore mined, 
s,200,000 long tons; value at mine, $22,550,000. Domestic iron ore con-
sumed, 7,718,129 long tons; value at mine, $21,224,854. Imported iron 
ore consumed, 487,820 long tons; total iron ore consumed, 8,205,949 long 
tons. Pig iron made, 4,097,868 long tons, a decrease of 497,642 tons as 
compared with 1883; value at furnace, $73,761,624, or $18,148,576 less 
than in 1883. Tot1al spot value of all iron and steel ill the first stage 
of manufacture, excluding all duplications, $107,000,000, a decline of 
$35,000,000 from 1883. Fuel consumed in· all iron and steel works, in-
cluding blast furnaces, 1,973,305 long tons of anthracite, 1,226,986 long 
tons of bituminous coal, 3,833,170 long tons of coke, and 62,110,G60 
bushels of charcoal, besides a notable quantity of natural gas. Lime-
stone used as flux, 3,401,930 long tons; value at quarry, $1,700,965. 
Gold and silver.-The mint authorities estimate the productiou in 
1884 at $30,800,000 gold and $48,800,000 silver (coining rate); total, • 
$79,600,000. This was an increase of $800,000 gold and $2,600,000 sil· 
ver, as compared with 1883. The gold production was equivalPnt to 
1,4~9,949 troy ounces ; and the silver to 37,744,605 troy ounces. 
Oopper.-The production in 1884, including 2,858,754 pounds made 
from imported pyrites, was 145,221,934 pounds, worth $17,789,G87, at 
an average price of 12¼ cent perpoundinNewYorkCity. The amount 
was 2 ,070,139 ·pound greater than the production of 1883; but the 
Yalne wa $275,120 les than that for 1883, owing to the decline ill price. 
In 1 4 4,224,000 pound of bluestone (sulphate of copper, "blue vit-
riol ) were made; worth, at 4.3 cent per pound, $181,632. 
Lead.-Production, 139,897 hort tons. Total value, at an average 
pric f 75.32 p r ton on the Atlantic ea-board, $10,537,042. The 
pr ducti n wa. 4, 6 t n 1 than that of 1883, while the decrea 'e in 
rnlu wa 1,7 5 677. Th pr duction of white lead (carbonate) i e -
tim t cl t ab ut 6 .... , hor ton , worth, at q cents per pound 
al t .all of which wa. made from pig lead. The produc-
tion f 1i b· rg < n r l • l ha not been a certained. 
Zinc.- r du · i n f m tallic zinc, 3 ,544 short ton ; worth, at an 
av rag ri · f 4.44 ent per pound in New York City, 3,422,707. 
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'rhe output was 1,672 tons greater than in 1883, and the value increased 
$111,601. Besides the spelter and sheet zinc, about 13,000 short tons 
of ziuc white (oxide) were made directly from the ore, the total value of 
which, at 3½ cents per pound, was $910,000. 
Quicl.:silver.-Production, .31,913 fla~ks ( of 76½ pounds net = 2,441,344 
pounds), or 14,812 flasks less than in 1883. Total -value, at an average 
price of $29.34 per flask at San Francisco, $936,327, ~ decline of $317,-
305 as compared with the total value of the pr.oduct of the previous 
year. During the year 600,000 pounds of quicksilver vermilion were 
made, worth $288,000. 
Niclcel.-Production of nickel contained in copper-nickel alloy, 64,550 
pounds, worth, at 75 cents per pound, $48,412; an increase of 5,750 
pounds, but a decline of $4,508 in total value, owing to the falling off 
in price. 
Oobalt.-The amount of cobalt oxide made in 1884 was about 2,000 
pounds, as against 1,096 pounds made in 1883. Its value, at $2.55 per 
pound, was $5,100. The value of cobalt ore and matte cannot be as-
certained, as it is chiefly dependent on the nickel contents. 
Manganese.-The output of manganese ore in 1884 was about 10,000 
long tons, or 2,000 tons more than in 1883. The total value, at $12 per 
ton at the mines, was $120,000, or about the same as in 1883, the aver-
age price having declined $3 per ton. · 
Ohromium.-The production of chrome iron ore, all from California, 
was about 2,000 long tons, or about two-thirds as much as in 1883. At 
an average value of $17.50 per ton at San Francisco, the total value 
was $35,000. 
Tin.-A little tin ore was taken out in the course of development 
work in Dakota, Wyoming, Virginia, and Alabama, but the ·only me-
tallic tin made was a few hundred pounds from ore of the Black Hills 
(Dakota) mines made in sample tests at New York City pending the 
building of reduction works at the mines. 
Platinum.-The amount mined in 1884 was about 150 troy ounce·s, 
worth, crude, $3 per ounce . 
.Aluminum.-The amount made in the United States in 1884 was 1,800 
troy orinoes, an incr~ase of 800 ounces over the production in 1883. At 
75 cents pe.r ounce the total value was $1,350. 
Building stone.-It ,is estimated that the value of the building stone 
quarried in 1884 was $19,000,000, as against $20,000,000 in 1883; the 
decline being due partly to duUuess of trade and partly to the increased 
use of other structural materials. 
Brick and tile.-The output was about the same as in 1883, but as 
manufacturer cut down expenf-es still further, meeting a lower market, 
the total value is estimate<l at $30,000,000 as against $34,000,000 in 
1883 . 
.Lime.-There were 37,000,000 barrels (of 200 pounds) made in 1884, 
tbn averaie value per barrel at the kilns being not over 50 cents, or 
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$18,500,000. The production was about 5,000,000 barrels greater tha 
in 1883, but owing to the fall in price t,he total value was about $700,u 
less. 
Cement.-About 100,000 barrels (of 400 pounds) of artificial Portlan 
cement were made, or 10,000 barrels more than in 1883; the total valu 
at $2.10 per barr~l, being $210,000. The production of cement fro 
natural cement rock was 3,900,000 barrels (of 300 pounds), or 200, 
barrels less than in.1883; worth, at 90 cents per barrel, $3,510,0 
The total production of all kinds of cement was about 4,000,000 bar. 
rels, valued at $3~720,000. 
Precious stones.-The estimated value of American precious ston 
sold as specimens and souvenirs in 1884 was $54,325, and the value o 
the stones sold to be cut into gems was $28,650; total, $82,975. Abon 
$140,000 worth of gold quartz was saved as specimens or made in 
jewelry and ornaments. 
Buhrstones.-The value of the buhrstones yearly made in the Unit 
Gtates is about $300,000. 
Grindstones.-Dealers estimate the value of the grindstones made i 
1884 at $570,000. 
Phosphates.-The production of washed phosphate rock . in Sout 
Carolina during the year ending May 31, 1884, was 431,779 long tons 
worth $~,374,784, or &3,399 tons more than in the previous year, with 
an increase of $104-,504 in value. The average spot price, $5.50 pe 
ton, was 50 cents less than in the preceding year. The recent dis-
coveries of phosphate rock in the neighboring States of North Carolina, 
Alabama, and Florida will probably lead to a still further increase in 
production. Of manufactured fertilizers, 967,000 short tons, worth 
826,110,000, were made in the year ending April 30, 1884, and 1,023,500 
·hort tons, worth $27,640,000, were made in the year ending April 30, 
1 5. 
Marls.-In New Jersey about 875,000 tons, worth $437,500 at tlie 
pit , w re dug in 1884. In addition, small quantities were produced 
for local u e in some of the Southern States. The production is declin· 
ing, owing to competition with fertilizers made from phospha~e rock~ 
tc. 
G1Jp:;wm.-In the Atlantic States, from Maine to Virginia, 65,000 long 
t n f land pla ter and 60,000 tons of stucco, total 125,000 tons, were 
ma 1 in 4, of wbi h nearly all was from Nova Scotia gypsum. Tl.Jo 
. tati ·tic ~ r Michigan barn not been reported, but the production 
cli n t vary gr atly from that in 1883, in which year it was 60,0 2 
, h rt t u. f land pla ter and 159,100 barrel, (of 300 pound ) of tucco. 
bi 4,-"l 7 bort ton f land pla ter and 20,307 barrels of stucco 
,,·1!r pr lu d. Ther a al o a mall production in other part8 of 
try; ut the total amount of domestic gypsum used is not 
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Salt.-Tlle production in 1884 was 6,514,937 barrels of 280 pounds 
(equivalent to 1,824,182,360 p~unds, or 32,574,685 bushels, or 912,091 
short tons, according to the unit used). The total value, computed on 
average wholesale prices at the point of production, was $4,197,734. 
The apparent output was 32~, 706 barrels greater than in 1883, while 
tlle value was $13,308 less; but the production :figures do not include a 
considerable stock on hand in the Onondaga district, not officially re-
ported because not inspected. 
Bromine.-The production is estimated at 281,100 pounds, all from the 
Ohio and West Virginia salt district; worth, at 24 cents per pound, 
$67,464. 
Borax.-Production about 7,000,000 pounds, or 500,000 pounds more 
than in 1883. The total value, however, was less than that of the prod-
uct of 1883, being about $490,000 at San Francisco rates, as against 
$585,000 in 1883. 
Sulphur.-N o exact statistics. The production was only about 500 
tons, worth about $12,000. 
Pyrites.-About 35,000 long tons were mfaed jn the United States, 
worth about $175,000 at the mines. Some 33,500 tons of imported 
pyrite:s were also burned, making a total consumption of 68,500 tons. 
Barytes. -Full statistics not received. The production is estimated 
to have been about 25,000 tons; worth, at $4 per ton, unground, at the 
point of production, $100,000. 
Mica.-The production of merchantable sheet mica, ilot including 
mica waste, was 14-7,410 pounds, valued at $368,525. 
Feldspar.-The production was 10,900 long tons, or 3,200 tons less 
than iu 1883. Its value a~ the quarries was $55,112. 
Asbestus.-The amount mined was about 1,000 short tons, worth about 
$30,00(). . 
Graphite.-Production nominal, the supply being drawn from the 
stock accumulated in 1883. 
Aspltaltum.-The annual production is about 3,000 tons, having a 
spot value of. $10,500. 
Alum.-About 38,000,000 pounds were made in the United States i11 
1884, or 3,000,000 pounds more than in 1883. At an average spot value 
of 11 cents per pound, the product was worth $712,500. 
Oopperas.-The amount made in 1884 was 15,500,000 pounds, wort li, 
at GO cents per hundred weight, $93,000. 
Mineral wate.rs.-The sales of natural mineral waters in 1884 amounted 
to 68,720,936 gallons, valued at $1,665,490, an apparent increase of 
21,431,193 gallons and $526,007 upon the :figures for 1883. While the 
ale are undoubtedly increa ing it is possible that the excess in tLe 
reported quantity and valus of the waters sold in 1884 as compared 
with 1883 may be partly due to the greater fullness of the returns for 
1884. Besides the waters bottled and placed on the market there is a 
large local consumption, not included in the foregoing :figures. 
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Totals.-As was remarked in the former report, it is impossible to 
state the total mineral product in any form which shall not be open to 
iust criticism. It is evident that the production statistics of such in-
congruous substances as iron ore, metallic gold and silver, the spot 
value of coal mined and the market value of metallic copper after hav-
ing been transported hundreds of miles, the spot value of a crude sub-
stance like unground, unrefined barytes, and the value of a finished 
product like brick (in which the cost of manufacture is the leading item) 
cannot well be taken as items in a gern~ral summary. The statistics 
have been compiled with a view to giving information on those points 
which are of most interest and utility, and are presented in the form 
nsnal in the several branches of trade statistics. The result is that the 
values stated for the different products are necessarily taken at different 
stages of production or transportation, etc. Theoretically perfect sta-
tistics of mineral products would include first of all the actual net spot 
value of each substauce in its crudest form, as taken from the earth; 
and yet for practical purposes such statistics would have little interest 
other than the fact that the items could be combined in a grand total 
iu which each substance should be rated on a fairly even basis. The 
following groupings, therefore, are presented with a full realization of 
the incongruity of many of the items. The grand total might be con-
iderably reduced by substituting the value of the irou ore mined for 
that of the pig iron made, hy deducting the discount on silver, and 
by considering lime, salt, cement, borax, etc., as manufactures. It will 
also be remarked that the spot values of copper, lead, zinc, and chrome 
iron ore are much less than their respective values after transportation 
to market. Still, the form adopted seems to be the only one which ad-
mits of a comparison of the total values of the mineral products from 
year to year. 
Metallic products of the United State8 in 1884. 
Quantity. 
Pig iron, long tons, spot value ..... : ............•................• _.... .... 4, 097, 868 
, ilwr, troy ou1Jce , coining value......................... ................ . 37,744,605 
Gold , troy ounces, coiniDg value........ . .................................. 1,489,949 
'opper, pounds, nlue at New York City (a) ...... .. .. .. . .. . . . . . . . . . . . . . . 145,221,934 
L, n<l, ,.Jiort ton , value at N w York City............... .................. 139,897 
Zinc, . bort tons, value at·New York City................. .. ............... 38,544 
Quick~il.er, fl, ks, valn at an Francisco.......... . ...................... 31,913 
• -i kc! , pounds, value at PLilailelphla. (b)............... .... ..... .... ....... 64, 550 
A lnmiuum, troy ounc , valuu at Philad !phi.a. ............•••......... ..... 1 1,800 
l' latinuru, tro · onnc , value crude at New York City..................... 150 
Value. 










Total····· ··· ·- ··· ···· · ··· ·· ······················· ········ ·········,~·~=~ 186,097,599 
a. Including copper made from imported pyrite . b Includin11: nickel in copper.nickel alloy. 
SUMMARY. 7 
Non-metallio mineral products of the United States in 1884 (spot va,lues). 
Quantity. Value. 
Bitumlnoua coal, brpwn coal, lignite, and anthracite mined elsewhere than 
in Pennsylvania ............................................. long tons (a).. 73, 730, 539 $77; 417, 066 
Pennsylvania anthracite ..•...•..••.....•••..•••.•................. . do (b) .••. 33,175,756 66,351,512 
Petroleum ....... . ................................................... barrels.. 24, 089, 758 2-0, 476, 294 
Building stone.................................................. . . . .. . . . . . . • . . . . . . .. . . . • . . 19, 000, 000 
Lime . ............ . .................................................. barrels .. 37,000,000 18,500,000 
Salt ............................•....•....•.•••..••...........••....•.• . do.... 6,514,937 4, 197, 734 
Cement ...........................••..•...••.•.•.••...........•......... do.... 4,000,000 3,720,000 
South Carolina phosphate rock .................. . .............. long tons (c).. 431, 779 2, 374, 784 
Limestone for iron fl.u1 ................................................. do.... 3, 401, 930 1, 700, 965 
Mineral waters ................................................. gallons sold .. 68,720,936 1,665,490 
Natural gas ............................................................ · .........•...•..•. . 
Zinc white ........................................................ short tons.. 13,000 
Concentrated borax ................................................. pounds.. 7,000,000 
New .Jersey marls .......................................... . ..... short tons.. 875,000 
Mica . ................••..••...•.••.•••••••••..•.•..•.•......•...... pounds.. 147,410 
Pyrites ............................................................ long tons.. 35, 000 
Gold quartz souvenirs, jewelry, eto ..................................................... .. 
Manganese ore .................................................... long tons.. 10,000 
Crudo barytes .......................................................... do.... 25,000 
Ocher ... . ........................ ~ ...................................... do., .. 7,000 
Precious stones .......................................................................... . 
Bromine ............................................................. pounds.. 281,100 














Chrome iron ore ....••.••••.•••.••••••..•.•••••..••••..•.•..•..••.•..... do.... 2,000 35,000 
Asbestus .•.......•••••.••••••••..•..•••.•.•.•••.••••.•••.•..••... shorttons.. 1,000 30,000 
Slate ground as a pigment .••.••.•••.••.••••••.•••••..•...••••.... long tons.. 2,000 20,000 
Sulphur . ......................................................... short tons.. 500 12,000 
Asphaltum. . . . . . . . .. . • . . . . . . . • . • • • . . . • . . • • • .. . . . . . •••.•.......•...... do.... 3, 000 10, 500 
Cobalt oxide ..........•......•••....•..•••••..•..•..•.....••••••... . pounds.. 2,000 5,100 
1-----1-----
Total . . .............•.•..•.........................•..............•........••...••.. 220,007,021 
a The commercial product, that is, the amount marketed, was only 66,809,356 tons, worth $70, 149,824. 
b The commercial product, that is, the amount marketed, was only 30,718,293 tons, worth $61,'36,586. 
c Year ending May 31. 
Res1ime of tM -values of tM metallic and non-metallic mineral substances produced in the 
United States in 1884. 
Metals . ...... .............................................................................. $186, 097, 599 
Mineral substances named in the foregoing table ...........•.....•••............ . ......... 220, 007, 021 
Fire.clay. kaolin, potter's clay, common brick clay, terracotta, building sand, glass sand, 
Ji meotone used as fl.ux in lead smelting, limestone in glass making, iron ore used as fl.ux 
iu lead smelting, 1J1arls (other than New .Jersey), gypsum, tin ore, antimony, iridosmine, 
mill·buhrstone and stone for making grindstones, novaculite, corundum, lithographic 
stone, talc and soapstone, quartz, fluorspar, nitrate of soda, carbonate of soda, sulphate 
of Roda, native lllum, ozocerite, mineral soap, strontia, infusoriaJ. earth and tripoli, pumice. 
406, 104., 620 
stone, sienna, umbar, etc., certainly not less than........................................ 7,000,000 
Grand total.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413, 10~, 620 
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The production in 1884, 1883, and 1882 conipared.-Tables showing 
the quantities and values of the mineral products of the United States 
in 1883 and 1882 are appenued for the sake of comparison. From these 
it appears that the total value of the metals and minerals produced in 
1884 was $39,100,008 less than in 1883, and that the decline in 1883 
from 1882 was $3,012,0Gl; that is, the falling off in value began on a 
small scale in 1883, but was accented in 1884. The net de9line, as will 
be seen by reference to the tables, has been due rather to a depression 
in price than a decrease in quantity; indeed, several important sub-
stances show a decided increase in production, notwithstanding the 
general dullness·of trade. The overproduction, taking the whole field 
into consideration, bas been less than was generally feared. 
MetaUic products of the United States in 1883. 
Pig iron, long tons, spot value . . .. ... . . .. . . . .. . ... . ...... ~ ......... . ... . . . 
Silver, troy ounces, coining value . .. ... . ...... . ........ .. ................ . 
Gold, troy ounces, coining value .. . . . . . ............. . . . ............... . .. . 
Copper, pounds, value at New York City (a) ... ... . ........ .' .......... . . . 
Lead, short tons, value at New York City . . . . .............•......... . .... 
Zinc, short tons, value at New York City . .. .. . .......... . .. . .......... . . . 
Quicksilver, flasks, value at San Francisco . ....•.. . ..... . ...• . .......... . 
Nickel, pounds, value at Philadelphia (b) .. ... . . . .... .. .......... .. .... •.. 
Aluminum, troy ounces, v"a.lue at Philadelphia. .•.•.••....•. . .......• . .... 












Total . ..... _ ...... . ... .. .... . .. . .. ..... ..... . . .. ...... . . . .. . ... . .... ............. . . 
Value. 










203, 116, 859 
aincluding copper made from imported pyrites. binoluding nickel in copper.nickel alloy. 
Non-metallic mineral products of the United States in 1883 (spot values). 
Quantity. Value. 
---- ------- - - - ------1----1- ---
BituminOllS coal, brown coal, lignite, and anthracite mined elsewhere 'than 
in P ennsylvania .. . ...... .. . .. .. .... ..... . ... ... . . . .. . .. . . ... . long tons (a).. 68, 531, 500 $82, 237, 800 
P ennsylvania anthracite . .... . ..... .. .....•.•........ . .... . ...... .... . do (b) .. I 34,336, 469 77,257, 055 
!::~:: ::~~~~~: ~ ~:::: :: : : : ·. :: : : : ::: : : : : ::: : : ::·.: :: : : ·.::::::::: :: . : :~~~~~~:: 1.~~·.~~~·. ~~~. !~: :~~: ~~~ 
Lime ... . .. .. . .. . .. .. .... ........ . . . ......................... ... ...... banels . . 1 32, 000, 000 19,200,000 
Cemtnt .. .. . . ....... . . . .•... . ...... .. .• . ..... . . ............. . ........... clo . .. . 4, 190,000 4,203,500 
, alt · · · · · · .. . • . . . . .. . .. . ... .. .. . . .• . . . . ••...... . . . ...... .. ...........• . do . .. . 6, 192,231 4,211, oi2 
; nth Carolina phosphate rock . . .. .. .. . ...... . . .. . ....... . ... . long tons (c) .. 378, 380 2, 270, 2RO 
Lim ton for iron flux . ... . .......... . ... .. .... . . ...... . .. . . . . . .. . .. db . .. I 3,814,273 l , 007, 1:m 
~; ;:;:i~:::f: ::::::: ::::::: :::  :••• :: • :• :::::: ::  • ::::: :;(~~:1~:::: : ·:: :: :: l , :"t: 
• ·a ural g .. ..... . .. . ........... . .. .. ..... ..... .. .. .. . ...... . .. . ...... . .. . ... . ..... _... . . 475, 000 
· · ·• - . ·· · · · .•.•• . ... - . ..•..•.... . ... .... .. . .. .. .. . ....... .. .... . pounds .. ! 114, 000 285, 000 
a.The wru r ·ial proclu ·t, that i , ho amount matketcd, wae only 65,030,171 tons, worth $78,036,205 
bTh comm r ·i I pr()(l uct, tha t i , th amuunt 1J1ark •tell, wrui only 31,70:1 027 t on vortb $71 534 311 . 
c Y r c,11dln Y ~n: , , , ' 
SUMMARY. 9 
Non-metallic mineral products of the United States in 1883, /c.-Continued. 
Quantity. 
~:::~,:;;~ ~~~·.·.·.·.·.·. ~ ~ ·.·.·.·.·. ~·-·.·.·.·_ ~-.·_ ·---~·. ~ ~ -.~ ~·. ·. -. ~: ~ ~ ~ ~ ~::: ~ ~:::::: :~~~~.:~~:: 2:: ~~~ 
Gol!l quartz souvenirs, j ewelry, etc .......... - - ......... -... ·•• · · · .. ,. -..... - · .......... -. 
Crudo barytcs .•...................................... ....... ...... long tons.. 27, 000 
Precious stones ........... .................. -..... ·. · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 








Bromine ............................................................. pounds.. 301,100 72, 264," 
Feldspar ................•............••••.........•........ ...... .. long tons.. 14,100 71,112 
Chrome iron ore ..............•.•.................................. .... . do.... 3;'000 60,000 
Graphite:· ......•...........................••...................... pounds.. 575,000 46,000 
.A.sbesius .............•........................•................. . short tons.. 1, 000 30,000 
Sulphur ..................................................... ... ........ do. . . . J, 000 27, 000 
Slate ground as a pigment ...... . .................................. long tons.. 2,000 24,000 
.A.spbf!ltUm ....................................................... short tons. ·1 3,000 ' 10,500 
Cobal~:::~::::::::: :: :::::: ::::::~ ::: : : : :::::~: ::: : : ~::::: ~ ~::::: ::~~~~~~:: ~=
1
241,0~ 
Ecsnrne of the value,'! of tlle metallic and non-metallic mineral substances produced in the 
United States in 1883. 
Metals ...•....................................•..................... , ...........•......... $203, 116, 859 
Mineral substances named in the foregoing table......................................... 241,087,769 
Estimatetl value of mineral products unspecified .......................... ~ ............. . 
444, 204, 628 
8,000,000 
Grand total. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 452,"204. 628 
Metallic products of the United States in 1882. 
Quantity. Value. 
Pig iron, long tons, spot value ........................... ......•.............. 4,623,323 $106, 336, 4'.lO 
Silver, troy ounces, coining value ................. .... ............. . ........ . 36,197,605 46, 800, 000 
Gold, troy ounces, coining value ............................... ...... ....... . 1, 5i2, 186 32, 500, coo 
Copper, pounds, value at New York City (a} ....•...... ..... •• .. ......•.•.... 91, 646, 232 16, 03:S, 001 
Lear!, short tons, value at New York City ................... ..... .......... . . 132,890 12, 6'.!-!, 5=>0 
Zinc, short tons, value at New York City ............................ ...... .. . 33,763 3, <i4G, G~O 
Quicksilver, flasks, Yalue at San Francisco ................. ............. ..... . 52,732 1, 4oi, 'l4-J 
}.'ickl'l, pounds, value at Philauelpbi:l, (b) .... ...•••..•••......•.•••....••.... . 281, 616 309, ii7 
Autimony, short tons, value at San Francisco ............................... . 60 1'.l, 000 
Platinum, troy ounces, value crude at New York City ............ .. .... ..... . 200 ()00 
1-----1-----
Total.... . . . . . . . . . . . . . . . . . . . . . . . .. ... . . . . .. . . . . .. . . . . .. . . .... .. ... . . . . .. . . . .... .. 219,755, 109 
a Including copper macle from imported pyrites. b Including nickel in copper-nickel -alloy. 
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.Son-m~tallic ntinm-al products of the United States in 1882 (spot val~). 
--- .. ------------------------.----.----
Quantity. Value. 
Bituminous coal, brown coal, lignite, and anthracite mined elsewhere than 
in Pennsylvania ............................................. long tons (a).. 60, 861, 190 $76,076,487 
Pennsylvania ant~te .................................... _ ......... do (b) .. 31,358,264 70, 556,09' 
Petroleum ..... .. ............................ ........ ........... .. barrels (c).. 30, 053, 500 23, 704, 698 
Lime .............. ....... .................... ....... ................... do .... 31,000,000 21,700,000 
Building stone...... . .. . . .. • .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . .. . .. . .. . .. . .. . .. 21, 000, 000 
Salt........ .. . . . . . . . . . . . . .. ......................................... barrels.. 6,412, 373 4, 340, 140 
Cement ................................................................ do.... 3, 250, 000 3, 672, 750 
Limestone for iron 11.u:x ........................................... .long tons.. 3,850,000 2,310,000 
South Carolina phosphate rook ........................................ do (d) . . 332,077 1,992,462 
Now Jersey marls ................................................ short tons.. 1,080,000 5!0, 000 
Concentrated borax ........ .................... ...................... pounds.. 4,236,291 338,903 
Mica .. ...... ............................ .. . .. ................. . ...... . .. do . ... 100, 000 250, 000 
Natural gas................................ .. ................................. . . . . . . ...... 215,000 
Ocher ............. ........ .................................... . .. . Jong tons.. 7, 000 1ot, ~00 
Soapstone ...................................... . .................. short tons.. 6,000 90,000 
Crude barytes ..................................................... long tons.. 20,000 80,000 
Precious etonea ........................ ............................... .. .. ............... . 
Gold quartz souvenirs, jewelry, etc ...................................................... . 
Pyrites ..................... ..... ................................. long tons.. 12,000 
Manganese ore ......................................................... do.... 3,500 
Chrome iron ore ......................................................... do ... . 
A beetus . ....................................................... short tons .. 
Graphite . . . . . . . . . . . . . . .. . . .. . . .. .. . . • . . . . . . . .. . . . . . . . .. . .. . .. . . . . . . pounds .. 
Cobalt oxide ................................................ . ........... do ... . 
Slate ground as a pigment ........................................ . long tons .. 
Sulphur . . . . . .. ................ .... ........... ... ..... ........... short tons .. 
Asphaltnm . ................ ... .................. ... .............. . ..... do . .. . 





















Pumice-stone ........................................................... do .... 70 1,750 
Total .... . ............................................................ I. ........... 227, 461, 580 
o The commercial prodnct, that is, the amount marketed, was only 57,963,038 tons, worth $72,453,797. 
b The commercial product, that is, the amount marketed, was only 29,120,096 tons, worth $65,520,216. 
c P nnsylvania and New York ft ld only; the outsid production was very small. 
ct Year ending May 31. 
Resume of the values of th.e metallic and non-metallic rnine1·al substances produced in th.e 
United StafeSJ in 1 2. 
l:{ tale -. -.. . -. . . -. . . . . . . . . . . . . . . . . . . . .. .. . .. . . . . .. . . . . . . . . . .. . .. . . .. . . . . . . . . .. . . . . . . .. . .. $219, 755, 109 
:Hin ral enb tanoee nam din the foregoing table......................................... 227,461, 5lj0 
447, 216, 689 
E tlmated valu of miner-.ll products unspecified . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 000, 000 
Grand total .............. .. ......................................... , . . . . .. . . . . . .. . . 455, 216, 689 
,;;J ha b n incr a' d, y correction and additions, 
n th figur given in th fir tr port of thi serie , which 
COAL. 
The coal statistics of this volume have been drawn from various 
source~, including the reports of agents and correspondents of this 
office, the transportation records of the railroad companies, reports of 
State mine inspectors and of State geological surveys, etc. Special 
acknowledgment is due to the excellent work of Mr. F. E. Saward, . 
etlitor of the Goal Trade Journal, whose estimates have been followed 
i11 many cases. The compilation bas been in charge of Mr. S. C. 
Armstrong. The papers of Dr. H. M. Chance on anthracite mining, Mr. 
Stuart M. Buck on coal mining in the Kanawha valley, and Mr. Joseph 
D. Weeks on the manufacture of coke, which follow this section, should 
l}e consulted in connection with it. 
PRODUOTION. 
A concise statement of the coal output of the United States in 1884, 
as compared with that of 1883, is here reproduced from the summary, 
page 1: 
The only statistics in which the trade is interested are those relating 
to the amount, of coal which is mined for and reaches the market. There 
i~ besides a local and colliery consumption which is usually disregarded 
iu statistics, and which ranges from 5 to 6½ per cent. of the total ship-
ments. Of what may be called the commercial product, the quanti-
tiPs in 1884 were as follows: Pennsylvania anthracite, 30,718,293 long 
tons; bituminous and brown coal, lignite, and small lots of anthracite 
JJ,ined elsewhere than in Pennsylvania, 66,809,356 long tons; total, 
97,527,649 long tons. The spot value of the commercial product was: 
P nnsylvania anthracite, $61,436,586; bituminous and all other coals, 
$70,149,824; total, $131,586,410. Including the local consumption, etc., 
tlic total product in 1884 may be stated at 106,906,295 longtons; namely, 
33,175,756 long tons of Pennsylvania anthracite and 73,730,539 long 
ton of bituminous and all other coals; and the value at the mines 
was: Pennsylvania anthracjte, $66,351,512 ·; bituminous and all other 
coals, $77,417,066; total, $143,768,578. The total production (that is, in-
clLHling colliery and local consumption) of anthracite was 1,160,713 long 
tons le, ' than in 1883, while its value was $10,905,543 less, the dispro-
portionate decline in value being due to a fall of 25 cents per ton in 
spot price ($2.25 to $2). The total bituminous coal production in-
creased 5,199,039 long tons over that of 1883; but its value was 
11 
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$4,820,734 less, the average valuation at the collieries having fallen 
from $1.~0 to $1.05. The total output of all coals showed a net gain in 
tonnage of 4,038,326 long tons and a decline in value of $15,726,277. 
The following table shows the commercial output during the last five 
yearR, by State,-; and Territories, iu long tons. In the case of a few of 
tl1c 8mallt'r items, originally estimated in short tons, it. bas not been 
dl'emecl ad,isable to convert the figures iuto long ton8, the difference 
lwiug less tl.1an the probable error, and the rouud figures being prefer-
able. 
Coal produced in the several Slates and Territories, not including the local and colliery wn-
surnption. 
Stat,es and Territories. 1880. 1881. 1882. 
Long tons. \ Longton.~. 
1 
Long tons. 
P rnns:vlvanin, nnthracite . . . . . . . . . . . . . . . . 23,437,242 28,500,016 1 2!l, 120,096 
Peuu,-yl,·aniu, bituminous.............. 19,000,000 20,000,000 22,000,000 
1lli1wi1:1............ . .... . . . . . . .. . . . . . . . 4,000,000 (i, OOll, 000 I 9,000,000 
11hiu............. ••• . • • . . . . . . . . . . . . . . . . . . 7,000, OOU 8, 250, 000 9, 4:iO. 000 
~;1~J.;,~:.1t1_ : ::·:: :: ::: :: .: : : · .. ::·.: ·: ·.::::: 2,136, 160 1 2, 2(i l , 918 ] , 540, 4!i6 ., 1,500,000 1, 750, 000 2, ouo, 000 . 
WN,t Viq:6nia........... .. . ... . . . . . . . . . 1,400,000 1,500,000 2,000. 0O'I 
1udiaua .... ............... .' ... ......... 1, 100,000 1,771,536 1,976,470 
I owa . . . . . . . • . • . . • • • • • • • • • • • . • • • • • . . • • • . • 1, 600, 000 1, 750, 000 3, GUO, 000 
K, 1111wkr ... . ...... ........• ... . • :. . . . . 1,000,000 1,100,000 1,300,000 
t:~~~:··0 :: :: : :: • : :: ·.: ::: ::: : ::: :: :: :: : : n~: i~~ I~i: ~~~ n:~: ~ii 
K:iu aM ... . ...... ....................... 550,000 750,000 750,000 
~J i.-J1i;ran . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . 76,000 100,000 130,000 
J,hode I:1lancl ........................... 1(),000 10,000 10,000 
.A l.•b,1ma . • . .. . . . • • . .. . . . . • •. . . •• •• . . 340,000 375,000 80ft, 000 
P.~~:;~,10··::::::.:::::::::::·:::::::::::: ~~i:~~~ i~1::~~~ 
1 
m:~~g 1 
W.\Ollling. . .•......•....•.•• . ... .• .. 2i5,000 375,000 !i31,032 , 
X '"' M •xir.o . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1) (1) I 140, 4:H 1 
~ f llh ................••......... ••. ..• .'. 2~5, 000 225,000 2.j0, 000 I 
1 nltfomin. .. . ... .. . . . . .. . . . ... ... . .. . . . . 176,000 125,000 1 150,000 I 
1883. 
Long tons. 
31, 79:1, 027 
24,000,000 
1 o, 3 ·,o, oo() 
8, 229, 4'.!9 
2, 20ti, 17:l 
2, ~50. ouo 
2, 80:\ 565 
2, 51iU, 000 
3,881, :ioo 












]'Z5,0(1Q i, ,:!0!1 · · · · ·: · · · · · · · · · · · · · • · · · · · · · • • · .. · · 30, 000 1:0, 000 i!O, 000 1 
ao1hmgton. .. . . . . . ..•.. ...•.. ...• .. . . . . 175,000 175 000 225 000 1 







10,000 r.iii~1L.l/\\=:+t+: \/t /:E ?:+ 175,000 
1884. 
Long tons. 
BO, 718, 293 
25,000,000 
10,000,000 



























Total.. .........••...........•..... 65,218, 585 1 76 679, 491 87,083, 134 
1 
96, 823, 108 ITT-, 5-27, 649 
Iu ludin" tll 1 al and colliery con umption, the :figures for the last 
tbr ar,' woultl be a foll w , tlie value being values at the mine: 
Total coal output of the 11ited tatts, 1 2, 1 3, and 18 4. 
Antbracit . Bituminous. Total. 
Years. 
Quantity. Value. Qanntity. Value. Qunntity. Value. 
Lqng wn, Lonf} tons 
1 - · •••...•.........• 31 3:;fl 2(;4 $70, 556, 094 60, 861, 190 
l • ····· .......... . 
1 
34'.3:J0'.4G!l 77,257,055 6,531,500 
1 • • • ••••••••••••••• 3:.1, 175, 756 G6, 361, ;,12 73, 730, 531> 
Lo11u tons. 
iO, 076, 487 02, '.!10, 454 1 $140,632. 5&1 
2. 2:n, 800 I 102,807,969 1so, 40-1, 85fi 
77,417, 066 106, 0061 205 143, 76 I 578 
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THE WORLD'S PRODUOTION OF OOAL. 
The following table shows the total output of coal for the last calen-
dar "ear of which statistics are available. With the exception of the 
figu~'e for the United States, the table bas been compiled by the secre-
tary of the American Iron and Steel .Association. Long tons of 2,~4.0 
pouu<l · are used in giving the statistics of Great Britain, the United 
States, Russia., aud "other countries," and metric tons of 2,204: pounds 
for all tbe coutineutal countries of Europe except Russia. As tbe dif-
fernuce between tlrn Jong ton and the metric ton is so trifling, it is not 
11ecessary to change official figures. 
Countries. 
Great Britain (1884) ..•.•.••...••••.....•••..••••...•••..•••.•.••••..••••.•••••••••..••••. 
Uniktl States (1884) .•••••.•••••..••••.....•.•••••.••....•••••..••••.•••••.••.••••••••.••. 
Uel'ruan.v and Luxemburg (1883) ........................................................ . 
Frnnce (1884) ...... ..................................................................... . 
llelgrnm ( 1884) .......................................................................... . 
Austria and Hungary (1883) •.•.•.•...•...•••••••••.•••••••••••••••••••••••••••••..•..... 
ll11s!lia (1882) ..•.•........•...•.......•••••••••••••••••.•••••.•••••.••••••.•••••..••••.•.. 
Hwrden (1882) ..... , .......•••••.•••••. · ••••..••....•.••.•••••••••••••••••..••••.•••..••••. 
~r.~1~ s8iw.: :: ::: : :: : : :: :: : : : :::::·.::::: ::::::: :::::: :::::: :::::: :::::: ::: : : : :::: :: :::::: 
Other countries (1883) ...• •. ...•••.• ••••.•••••.•••••.•.••••••••..•.••••••••••••••••••••••. 
Total. ................................................ ·,··· .............•............ 
Tons. 











406, as2, 436 
From this it will be seen that the annual coal production of the United 
States is now one-fourth of that of the world. 
IMPORTS AND EXPORTS. 
The following tables show the movement of coal during recent years, 
as reported by the custom-houses. The values are those declared, and 
are of course much higher ttian the "spot" rates which have been used 
in computing the total annual value of the domestic production. 
Tbe tariff from 1824 to 1843 was 6 cents per bushel, or $1.68 per long 
tou; from 1843 to 1846, $1.75 per ton; 1846, 30 per cent. ad valorem; 
1847 to 1861, 24 per cent. ad valorem; 1862 to 1864, $1 per ton; 1865, 
$1.l 0; 1866 to 1872, $1.25 per ton; since .August, 1872, 7 5 cents per 
ton. Dnrfog the period from June, 1854, to March, 1866, the reciprocity 
treat.)-' ,ras in force, and coal from the British possessions in North 
America was admitted into the United States duty free. 
The imports are from Australia and British Columbia to San Fran-
cisco; from Great Britain to the Atlantic and Pacific coasts, and from 
Norn Scotia. to Atlantic coast ports. The exports are mainly from the 
lake aml Atlantic shipping ports to the Canadian provinces and to the 
West Indies. 
14 / MINERAL RESOURCtS. 
Coal imported and e-ntered for consumption i1I the United States, 1867 to 1884, inclusive. 
Anthracite. Bituminous and shale. 
Fiscal years ending Jone 30-
Quantity. Value. Quantity. Value. 
Long tons. 
1867 .....•....•..•.... ·••••• .••....•...•.••••. ··.·· ........................... . 
1868 ...........••. ·••·•·•••••· .••.•..••............... ···•·· ..... · ........... · 

























2, 141, ;173 
2,013,555 
2,558, 164 
1872. .. .. . . . ... • . . ... . . • • .•• . . . . . . . . .•• . . . . .. . . . . .. . . . 390 1,322 
t:L::: ::: :::::: :::::: :::::: :::: :: :::::: :::::: :::::· 2, m 1~: ~: 
1875 .........•.......••...........•...•.... ••••·. .• .. . 138 963 
m~: ::::::::::::: :::::: :::::: :::::: :::::: :::::: ::: : :: 1• i~~ ~: ~~i 
1878........ .•. . . . .. . . . . . •• . . . .•. ••. . .• . . . . .. • . . • . •• • . 158 518 
1879 . . . . . . . . . . . . . . . . . . . . . • . . • • . . • • . . . . . . . . . . . • . . • . . . . 488 721 
1880 . .........•. ··•·· ········ •...••..•.•.••. .••..••... 8 40 
t:· :::::::::: :: : ::: :::: ::::::.: :: : : : : :: :: : : : :::::::: 1, 2~~ 2, ~!: 
1883... .. . . . . . . . . . .. . ... . . .. . . .. . ... . . . . ..... .. . .... .. 507 1,172 













Coal of domestic production exported front the United States, H:!67 to 1884, in~lusii:e. 
Anthracite. Bituminous. 
Fiscal years ending June 30-
Quantity. Value. Quantity. Value. 
Long tons. 
1867...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192, 912 
1868. . . . . . . . . . . . . • . • . . . . . . . . . • • • • . . • . . • . . . • • . . . . • . . . . . 192, 291 
1869................. .• . • • . . . • . . . . . . . . .•• . . • . . . . . .. • • • 283,783 
1870. .. . .• . . . . . . . •. . . . .•• • . . . . . . . . . • . . . . . . .•••... .. . . . 121. 098 
1871................................... . .............. 134, 571 
1872 . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • • . • . . • . 259, 667 
1 73 . . . . . . . . . . . . . • • . • . . . . . . . . . . . . . . . . . . . . • • . . . • . . . . • • . 342, 180 
1 74 . .. . . . . .. . . . . . . . . . . . . . . . . . . .. • .. . . . . . . . •. • • • • .• • . . 401,912 
1875 . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 316, 157 
1876 . . . . .. . . . . . . . . . . . . . . . . . . . . •. . . • .• . • . . . . . . . . . . . . . . 337,934 
1877 . . . . . . . . . . . . . . . . . . . . . . . • . • • • • • . • . • . . . • . . . . . • . . . . 418, 791 
l 78 . . . . . . . . . . . . . . . . . . . . • . . . . . . . .• • . . . . . • . • . . . . . . . . . . 319,477 
1879 .. . . . . .. . . . . •. • . . . •. • . . . . . • • . . . . . . • . . ••. • • • . . • • . . 886,916 
1 0 ........ .. .......•....... ·····••·· ......... •..... 892,626 
18 1...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462, 208 
1 J .• ...• .•.• .. ·•••••. •• . ••••••• •• . ••• ••• •••••• •••••• 553,742 
1883. . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . . . . 557,813 


























.... ioa,"s20· .. ... 5of 22s 
133, 380 564, 067 
141, 311 686, 264 
242, 453 1, 086, 253 
361,490 1,587,666 
203,189 828, 943 
230, 144 850, 711 
321,665 1, (J24, 711 
340, 661 1, 352, 624 
276,000 891,512 
222, 634 695, 179 
191, 038 739, 532 
814,320 1,102,898 
463, 051 1, 593, 214 
646, 265 1, 977, 959 
<'>At. 15 
hr a narrow belt of older rocks, is the Cahaba coal field, having an area 
of' about 230 square miles, while northeast of this and near it is the 
Coosa field, covering about 300 square miles. These smaller fields were 
evidently at one time continuous with the greater ones to the west and 
belonged to the great Appalachian basin, from which they have been 
separated by folding, faulting, and erosion. They are narrow and elon-
gated in a northeast and southwest direction. Comparing the geology 
of Alabama with that of Pennsylvania we find that certain series of 
1:,trata are very much reduced in thickness. In this State the Coal Meas-
ures, however, have suffered no apparent diminution in thickness; they 
are estimated in round numbers at about ·3,000 feet, one section meas~ 
lll'ing, according to Prof. E. A. Smith, 2,600 feet. The Warrior coal 
field is divided by Professor Smith into the plateau or table-land region 
on the north and the Warrior basin proper lying to the south. The 
southward extension of the anticlina1, which in the northern portion of 
the State gives rise to Brown's valley, traverses the field as a low ridge 
mid divides the basins into two unequal troughs; of these, the one in 
the east, which is the narrower and is drained by the Locust fork or 
Little Warrior river, is the best known, lying as it does between the 
anticlinaljust mentioned and that of Long valley. Between this valley 
am.l Locust fork the section already referred to was made by Profes-
sor Smith and shows above the Lower Carboniferous limestone about 
2,G00 feet of Coal Measures, including the Conglomerate at the base; 
this, from its proximity to the valley and to the railroad, is the part of the 
field which has been best explored. There are found in this section twelve 
seams of coal of from 2½ to 7 feet, and having an aggregate thickness of 
50 feet; of these, five seams have been mined. The strata are nearly 
horizontal and affected only by slight undulations. The Pratt seam, 
the hit!,'best in the section, which is now extensively mined about 6 miles 
we t of Birmingham,. yields 4½ feet of coal with one shale parting. 
To the west of the diviAion just described the development of coal in 
the region drained by the Big Warrior river is not less considerable, 
the surveys of Professor Smith and others showing the existence of 
many excellent ea.ms of good quality, measuring from 3 to 6 feet in 
thickness. 
In its southern part, where the Cababa field attains its maximum 
breadth of 12 miles, the measures are regular, and have a dip of from 
6° to 10° along the wester~ bor<ler, gradually increasing to 120 or 
mo near Lily shoals, on the river, and to 450 or more near to its 
eastern edge, where the strata along the great fault are sometimes 
nearly vertical. Farther northward, a bout 30 miles from its south-
ern extremity, where the Cahaba field is reduced to a breadth of 6 
miles, the strata are somewhat crushed, and the Upper Measures, which 
appear farther south, near Montevallo, are wanting. Tile field is here 
crosse<l obliquely by th·e Alabama North and South railroad, along the 
line of which, according to Prnfessor Rothwell• are found nine work-
. JD1~l , 
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able be<ls of coal measuring from 2 to 4 feet in thickness, and gidng art 
ag·gregate of over 28 feet. In the wider and less disturbed parts _of the 
field, farther south, the coal seams are thicker. On Four-Mile creek 
tlle same observer found eight seams with an aggregate thickness of 
38 feet, besides four higller. seams in the Montevallo beds, equal to 12 
feet. A.long the eastern border of the fil'ld, howe,Ter, the lower coals 
will be too deep for profitable mining. 
Desi<.les tL~ analyses of coals from this "field given by Rothwell, an 
exkuded table of analyses of others from the Warrior basin is given by 
Su1itl1 iu liis report for 1879-1880, and it may lle said in general terms 
tlrnt the coals from both these fields are equal to those from the more 
northern portions of the Appalacbiau basin. Tbey present the usual 
nu-ieties in quali~y and composition, some. of them being dry-burning 
coals, others coking coals witp as much as 65 per cent.-of fixed carbon, 
while others contain much more ·rnl:1tile matter. 
'fbe coal fields of Alabama, .alt,hough examined and studied early in 
the pres<'nt ceutury and investigated at sevP-ral times since, were not 
de,elope<l to auy extent until during the war. J\'lines were opened in 
A labamn. to supply coal for the Coufederate Governrne11t a.nd were 
worke,1 with sucecs8. The excellent qua,lit.ies of the coal . were then 
d<':nly tleruonstrated. Soon after the close ,of the war several com-
p.wies were forme<l to mine coal, but the results ·were not favorable; 
tlw <1l1 mand had to be built up; the pioneers in the business did not fil}(l 
it. profitable; some could not fiud a market; others struck poor vei11s 
of coal, and tue result in either case was failure. The <..lny 1,ad not come 
for Ala,bama, coal, uor for tbe Cahaba, tl.ie Newca~tle, tbe SpC'u~er mines, 
and otl.ler,'. Perhaps the first real succe8s in profitable rniuing in the 
8tate wa made by Mes rs. T. H. Aidrich & Co., who leased a mine an<i 
work )d n111l continued to work the l\Iontcnlllo coal, a very superior 
gr.it • t:o,11, folly ('(}ual to English canncl coal. In 18i2 only 10,000 tons 
of rnal wer mitw<l in Alabama. In 1879 the Pratt Coal and Coke Com-
p:llly ,n•nt to work op rating the Pratt seam for stram, coke, and gas 
purpo:-;e:-- a11<1 tlw Helena ,earn for grate and coke purposes; this was 
a uew na, iu tll<> coal bu ·ine · of the State, and much credit is due to 
.\lr. II. F .. D<.• Dardeleb n, the originator and principal owner of this 
r,ompany, wbo batl tli fo're,jght to ee the future that awaited the coal 
CO.A.t. 
a rise of about idO fMt. A system of dams and iocks, with chamoers 145 
by 30 feet, would suffice to establish water communication from this 
point, in the heart of the coal field; to Mobile throughout the year, for 
an estimated cost of $400,000. Barges laden with cotton, coal, and 
lumber have, it is said, for many years been sent down this way during 
seasons of high water. · 
The Alabama river is navigable from Montgomery or Wetumpka to 
Mobile; and the Cahaba river, which drains tpe Cahaba field and falls 
into the Alabama a little above Selma, can i~ like manner, according 
to official report, be made navigable at a cost of $500,000. Railroad 
facilities, while for a long time insufficient, are also good, four promin@t 
-roads now passing through the coal districts. They are tbe LouisYille 
:and Nashville, the Georgia Pacific, the East Tennessee, Virginia and 
1Georgia, and the Alabama Great Southern. The scope of work bas, 
,consequently, widened, instead of confining itself to the river banks, 
as was formerly the case. Six years ago the Louisville and Nashville 
road hauled only 2,000 tons of Alabama coal. Now there are as many 
tons mined each day in the Birmingham district aloue. The demand 
for Alabama coal is far iu excess of the supply. Its introdu·ction into 
New Orleans and other southwestern markets bas met with immense 
favor. Many new mines are starting into operation, and branch rail-
ways are being constructed, so that the outlook for the coal industry in 
this State is very good. The appended analyses will serve to show the 
character of the coal: 
Pratt. Williams. Jaggers. Lost creek. 
Per cent. Per cent. Per cent. Per cent. 
;rJ:~1~ai:1?;!6:.: ::: :: ::: :: : :::::: :::::: :::::::: ::: : :: 81. 48 26.18 61. 60 66. 02 29. 00 33. 79 56. 5a m. oo 
Water ...............................•.........•••... 
Ash .......••....••......••••.••.•••.•.•..••.•••.•••. 
1. 50 1. 52 
5.42 , 6.28 
a. 09 2. 26 
11. as 6. 95 
100. oo 100. oo 100. oo 1 100. oo 
l=====l====I==:===:==== 
Sulphur ........................................... .. • 92 . 60 . 57. I . 78 
Production of coal in Alabama since 1873. 
Years. Longt.one. Years. 
1873 .................................. . 
1874 .................................. . 
1875 ......... ........................ . 
1876 .................................. . 
1877 .................................. . 
40, 000 1879 . ................................ . 
'5.000 1880 ................................. . 
60,000 1881 ................................. . 
100,000 1882 ................................. . 
175,000 1888 ................................. . 
1878 .................................. . 200,000 1884 .•••••••••..•• ·- ................. . 








Anthracite has been several times reported from various parts of 
Alaska. An analysis of_ a specimen of the Cook'R Inlet coal showed 
only 0.37 per cent. less combustible matter and 0.66 per cent. more ash 
than good Pittsburgh bituminous coal, which difference would be offset 
2MR--2 
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by the·l .. 09 per cent. additional moisture in the latter coal. The amount 
of sulphur is less than in either of the two best Tertiary coals on the 
line of the Central Pacific railroad, and the amount of moisture is 
claimed to be lower than in any other American coal of whi~h analyses 
have been tabulated. A good coal has been found also on Admiralty 
island, almost equal in quality to the Wellington coal of Vancouver 
island. A bed of coal represented to be anthracite was recently dis-
covered at Saint John's bay, 17 miles north of Sitka, a sample from 
which used on one of tqe United States vessels in tl?-ose waters was 
pronounced a fair steam coal. 
ARIZONA. 
In Apache county, Arizona, vast measures of coal exist, but are yet 
undeveloped. The coal region embraces the northern division of Apache 
and that portion of Yavapai county north of the Little Colorado river. 
This coal bed also extends into New Mexico on the east and Utah on 
the north. Mr. C. P. Stanton, who visited the fields, writes: 
'' Olose to Fort Defiance there is a vein 9 feet thick, and it seems to 
possess all the qualities of exce1lent bituminous coai, and to rank next 
to anthracite for domestic purposes. I see no reason why it should not 
be pre-eminently useful for generating steam and for smelting purposes. 
This description will apply to all the coal in the Arizona coal basin. 
The next great bed of coal is situated a1most 20 miles northwest from 
the Moqui villages. It is 23 feet thick, and boldly crops out for a dis-
tance of 3 miles. The coal is close, compact, and forms a very hot 
fire. It resembles in external appearance the Pennsylvania bituminous 
coal." 
The Atlantic and Pacific railroad passes a few miles south of this 
depo it in New Mexico, and the company uses the coal for locomotive 
fuel. The main belt is nearly 50 miles north of the line. 
fr. Patrick Hamilton, author of ''Re ources of Arizona," says: 
"Ou Deer creek, a tributary of the Gila, in Pinal county, bituminou 
coal of an excellent quality has been discovered. The extent of the 
<lepo it i a bout 4 mil long by 2 mile wide. The veins are from 3 to 
f et thi k. The coal make excellent coke, and for domestic purposes 
aid to be unequal d." 
·r b lat nrv y of the San Carlos reservation brings these coal bed 




the south sl<le of the .Arkansas river, in Sebastian county, and cover 
a territory from 12 to 18 miles wide, east an<l. west, and 30 to 35 miles 
north and outh. Un the north side of the river the coal shows a thick-
ness of only a foot or two until Ozark, 30 miles from the west line of 
the State; there it approximates 4 feet, but rapidly thins until it runs 
out about 100 miles from the Indian Territory line, on the north side of 
the Arkausas river. The Spadra semi-anthracite is the only coal that 
,is known in market to any extent. An account of its location, etc., 
will be found in the first volume of this series. As far ·as 'mining oper-
atiom, are concerned but 'little has been done. The Little Rock and 
Fort Smith Railroad Company mine to a small extent 30 or 40 miles 
east of Fort Smith, taking coal to Little Biock and other points. A 
corporation under the name of the Arkansas Coal and Mining Uom-
pany, however, has purchased 3,000 or 4,000 acres of coal land, 25 
miles outh of .U ort Smith, and may inaugurate extensive operations. 
There is not yet much local demand. 
CALIFORNIA. 
Although it is easy to find coal at many localities in the Coast range 
from one end of the State to the other, as well as at certain points in the. 
western foothills of the Sierra Nevada, it generally happens either that 
its quality is poor, or its quantity iA small, or else that it is situated in 
the heart of the mountains so far from market that the cost of trans-
portation alone would far exceed the value of the coal. The develop . 
ment of mines which, under other circumstances, might be worked bas 
also been interfered with by the facility with which imported coal can 
be secured on the Pacific coast. 
The fact that many ships are constantly coming to San Francisco, tlle 
main point of delivery for wheat cargoes, is in favor of comparatiwl.\· 
clleap freigllts for foreign coals; and cargoes of coal are thus brbught 
from Ari8tralia and Great Britain at very low rates. Owing, howewr, 
to the number of losses of ships during the past two years from thPir 
cargoes of coal taking fire, it is llardly probable that any lower ratPs 
of freight will be secured, as the insurance companies are now consi<l(·r-
ing tbe advisability of still further increasiug the already large pren1i-
ums for such cargoes. It is uow difficult to secure shipments of Scotch 
splint, West Hartley, au<l similar coals, as the insurance companies nre 
dernau<ling double the rates of 1883, on the ground that, on account of 
the grrat comlmstibility of the e co::ils, they are not adapted to 1011g 
voyage:;;. Owing to tbese teu<lencies the coal-mining industry on tlie 
Pacific coast ha. beeu stimulated <luring tbe last two years, and greater 
activity, with a con eqnent increased production, bas resultecl. 
ln 1 83 the receipts of coal in San Francisco amounted to 899,301 tons~ 
of which tbe l\Iount Diablo, California, mines produced only 76,162 ton~. 
These mines, combined with the coast collieries, produced of the total 
amount but 3~2,335 tons. During the first six months of 18841 how-
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ever, the consumption of coal increased more than t)6,000 tons over the 
similar period in 1883. During these six months too these importers 
of foreign coal are said to have µiade heavy losses. Thus incited to 
greater efforts, some of the coast collieries increased the1r product con-
siderably in the period mentioned, the 'racoma and Seattle collieries 
J1aving shipped 50,000 tons in excess of the amount produced in the 
same period in 1883. Again, a colliery in Nanaimo, British Columbia, 
which did not yield anything in 1883, sent down 45,240 tons in the first 
six months of 1884. The following statistics show the receipts of coal 
at San Francisco for the past three years : · 
Receipts of Pacific coast coal at San Francisco. 
Mines. Location. 1882. 1883. 1884. 
Short tons. Short tons. Short ton/J, 
Mount Diablo . . . . . . . . . . • . . . . . . . . Mount Diablo, California . . . . . , 113, 356 76, 162 77, 485 
~~~;~~o.r~-::::::::::::::::::::::: ~~~c~=i~,0wf~t\~gto~· : : : : : : 1~~: ~zg .... isii," 600 ...... i25: 000 
::~~rt·:::::::::::::::::::::::: . c"oos<}fay: o~~go;;::::::::::::: ..... ~~·. ~~~ ...... ~~~ ~:~. !~: ii~ 
South Prairie.................... Tacoma, Washington . . . . . . . . . . .. . . . . . . . . . 15, 871 b22, 910 
Carbon Hill .......... ... ........ . Carbon Hill, Washington..... 64,745 140,135 122,060 
a Not worked till December. b Shipments began in .Tune. 
The various sources from which California derived her coal supplies 
tl uring the past two years are as follows: 
Total receipts of coal at San Francisco in 1883 and 1884. 
From-
Brith,h Columbia (Wellington and Nanaimo) ..........•••••.........•.•...... 
Anstralia ............ ....•.................•....•••••.....•...•••.....•.. •• . 
En,!!lishanu Welsh .. . ... ................................•....• ... ............. 
C'Otch ............ . ......... ...... .. .. ... ............. .... .. ............. .... . 
E .. 11tcrn.(Cumberland and anthracite) ....•.•...•••.......•................... 
(;t!~ir ~~i~~ :ii~i~~:~-j~i~)~ ~: ~: ::::::: :::: :: : :: : : : : ::: : : : ::: : : : : ::: :::: :·::::: 


























In computing the e annual imports into California the arrivals at 
\\ ilmingtou (the eaport of Los Angeles) are included, amounting in 
I, -1 to 07 ,000 ton · of foreign coal. 
\Yhil nnm rou. oth r <1 po its in the State have of late years been 
11<!,· 1 p u., and ar attaining , ome commercial importance, the Mount 
iahlo fl ld ontinue to b th principal home ource of supply. The 
PXt ·nt f thi, ti •lcl ma tat d in broa<.l terms to be ome 10 or 12 
mil•' along th Jin f o tcr p f th ed rmming through the north-
<'rn part f t wn. hip n rtb, rang 1 ea t, an<.l th nortu we tern and 
:(·ntrnl p rti 11: f t wn hip 1 n rth range 2 a t, l\ionnt Diablo me-
l'idian. 
By tL • phr·. • l\Iuuut Di ,hlo coa.l fi •1 , as her u 'eel, however, must 
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be understood not merely the actually productive region but the whole 
extent of the belt through which there has been found some definite 
evidences of probability that the beds were once continuous, or nearly 
so, and within which sufficient discoveries have been made to lead to 
the expenditure of any consic:lerable sums of mo~:iey in explorations au(l 
attempts to develop new mines. The area within which the mines ham 
hitherto been profitably worked, however, is far more limited in extent. 
It lies among the higher bills in the western portion of tlie belt aborn 
described, and includes a distance of only about 2½ miles along tlte 
strike of the beds, from the west limits of the Black Diamond Com-
pany's workings in the northeast quarter of section 7, where the be<l.s 
either split up, or run out, or become too much crushed and broken to 
pay for working, to the most eastern limits of the Pittslmrgh Com-
pauy's workings in the southwest quarter of section 3 and the north-
west quarter of section 10, where they are stopped by the wall of a great 
fault which intervenes between them and Stewart's mine on the ea1-t. 
'fhe Central (i.e., Stewart's) mine is not here included within the profit-
ably productive limits, for the simple reai;;on that while it has produced. 
considerable coal, its shipments having been sometimes as high as a 
tl.Jonsand tons per month, it is more than probable that its pro~uction 
bas been at a loss instead of a profit to its owners. 
Within tbe limits thus indicated, the chief openings ·of the mines, as 
well as the dwellings of the miners and other buildings, are, owing to 
tbe topography of the country, concentrated at two villages, Norton-
vil1c and Somersville, which are about a mile apart. Each of these 
'\"'illages lies at the head of a deep canon running northerly to the edge 
of the San Joaquin plain. Dowu each canon runs a railroad of stand-
ard gauge, the distance from each village to the plain being about 3 
miles. The railroads, after emerging from their respective canons, con-
tinue northwardlJ across the plain, which is about 3 miles in width, to 
the San Joaquin river, terminating at points of shipment on that stream. 
The coal beds which have been profitably worked . in the Mount 
Diablo di trict are three in number, and are known, respectively, as the 
'
4 Clark vein," the "Little vein," and the "Black Diamond Yein." Of 
these the Clark vein is the highest in stratigraphical position; next in 
order below it comes the Little vein ; while the Black Diamond nin is 
the lowest and underlies both the others. The beds lie nearly para1lel 
with each other, all dipping .to the north, and at the immediate localities 
of the Yillages, both of Nortonville and Somersville, the amount of <lip 
is from 30° to 320. 
In the Clayton tunnel, at Nortonville, as the level distance from the 
:fl9or of the Clark vein south to the roof of the Black Diamond vein 
i 696 -fed, and the dip here being about 31°, it follows that t.he 
total thickness of the strata, including the Little vein, between tlrn 
Clark and Black Diamond veins, is at this locality about 359 feet. At 
certain pviots the level di tance between the beds is somewhat le s tha 
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it is here, while in other places it is considerably greater. This is due 
mai11ly to changes in the degree of dip of the beds, though it is mo~e 
th:.111 probable that the actual thickness of the strata between them also 
rnries somewhat at different localities. 
Mount Diablo coal has been mainly used for steam coal in San Fran-
ci ' CO and on the steamers of the bay; but it 'is a lignite of poor quality, 
and, owing to its sulphur, is disliked for domestic purposes. 
Commencmg to produce in 1860, t,he Mount Diablo mines have since 
tumed out about 100,000 tons a year. Their yield for the past two 
years, however, has been about 76,000 tons per year, and a material de-
crease is expected, if not an entire cessation of production. The sup-
ply of other coal of better quality is increasing, and competition will · • 
probably soon become too severe for a profitable working of these de-
posits. This has already gone so far that the mines are at present 
closed, and there is some doubt as to their starting again. 
The coal fields of Ione valley, Amador count.y, which produce an in-
ferior coal, are being rapidly developed. They are known to extend 
from Lancha Plana to Buckeye valley, a stretch of about 20 miles in 
Amador county, and into Placer county, where the Lincoln coal mines 
are being worked. The coal is found in a narrow channel of varying 
width. On various spots on the Grant Company's property holes have 
been bored, and ~oal is found at a depth of 60 feet from the surface. The 
., earn varies from 4 to 20 feet in thickness, and the practice so far has 
been that when the layer has been worked out the mine has been aban-
doned without exploring to greater depth~. The co~l seam rests upon 
a mixture of white clay and sand, the underlying formation being un-
known. The deepest point at which boring operatiom; have been 
pu bed is 125 feet. Coal is being mined at three distinct places : from 
two mines near lone City, one owned by the Ione Coal Company, or 
m re g nerally known as the Railroad Company's mine, and the other 
by Dwight Younglove. The former is shipping an avera.ge of 100 tons 
]" r day, and the shipments of the latter have averaged 50 tons per day. 
'l'hi coal i d livered on the car at Ione for $1.50 and $2 per ton, the 
high r price being for tove coal for hon ebold use. At the Younglove 
rnine a tunn l has b en run from the side hill, which bas penetrated the 
. toal cb anu 1 a di tance of 250 feet, and how far beyoud lies the western 
limit of the depo it ha yet to be determined. 
Th Lancba Plana coal mine, owned by Murray & Waddell, and 
wbi ·h lia · h en idle for ome time, owing to want of means to work it 
t advant g , ha r cently be n lea ed for a period of twenty year to 
~Ir. r g ry,of acram nto. The coal found at this point is said to 
1 of a t t r quali y than the Ion coal. The new proprietors have 
~ t rt d in to w rk th prop r ty on a large cale. The mine i 5 miles 
di. tant fr m th t rmina f th ' n Joaquin and Sierra Nevada na.r-
r w-gaurr railro d. t pr ut th co, 1 i hauled by team to the rail-
t f 2 l) r ton. By the car it is hauled to ticle-
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water and from thence shipped to San Francisco and other points. It 
can be laid down in San Francisco for $6 per ton, which will leave the 
mine owners a fair margin of profit. It is the intention of the new 
management to build a railroad side track to the coal mine, which will 
greatly reduce the cost of transportation to market. 
The Ione Coal Company is opening up a new mine about 3 toiles north 
of Ione. Coal has been encountered at a depth of 55 feet, and a]~o a, 
strong body of water, which is giving considerable trouble to eoutrol. 
The Ione Valley coal frequently receives the name of ionite, from its 
peculiar composition. This name was g·iven it by Mr. Samuel Purnell, 
of the Central Pacific Railroad Company. Mr. Purnell describes it as 
follows: 
'' When :first found it contains 50 per cent. of water, but when air-
dried it floats on water, the specific gravity being about 0.9. It melts 
to a pitch-like mass which burns easily with a dense black smoke, hav-
ing a resinous aromatic odor, and with a yellow flame. Iouite contains 
13 per cent. of impurity, principally silica and alumina. Streak reddish 
yellow, fracture irregular, luster none. When pulverized, water sus-
pends a portion of the clay in the mineral. It is partly soluble in cold 
alcohol, more so in boiling alcohol, giving a brown solution. On addi-
tion of water no precipitate is deposited, but the solution becomes per-
manently of a milky color. Very soluble in ether, forming a browuish 
black solution; on adding water a brown tarry substance is obtained, 
very inflammable, and which, while burning·, gives off the odor of lmrn-
ing sealing wax; wholly soluble in chloroform, except the clay or asll, 
forming a· brownish black solution; poured into water a brown oil falls 
to the bottom; partly soluble in cold, more so in boiling oil of turpentine, 
forming a wine-red solution; on concentration of the solution crystals 
· of paraffine are separated; almost wholly· insoluble in cold or boiling· 
petroleum naphtha; subjected to dry distillation a brown tarry oil passes 
ornr mixed with green colored water. Ionite is found in considerable 
a.burnlance at the original locality, and I have found it in lignite beds 
in San Benito county. It will be more carefully studied in the futnre 
autl will perhaps be found valuable otherwise than as a fuel." 
Among California discoveries announced of late, the deposit known as 
tile MclntoRh & Cheney, in San Diego county, is seemingly the most 
important. A tu11nel which has been carried into this deposit a distance 
of 200 feet shows a solid vein of coal of from 4 to 7 feet in thickness, 
but little mixed with slate or other foreign matter, and not much <lifier-
ent from the Mount Diablo coal. This coal can be easily mined, and as it 
bnrus well and can be afforded at a low price, the output of the mine, 
amounting to several hundred tons, has met with ready sale to con-
sumers iu the neighborhood. Should this deposit prove permanent, it 
will greatly benefit that part of the country, which is almost destitute 
of tiwbcr. Coal indications of a similar kind have also been met with 
during the pa t year or two iu Mono and Lo$ Angele$ counties, the im-
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portance of these :finds being magnified through their occurrence in 
~parely wooded districts. Coal signs occur in many other parts of the 
State, but in few instances has enough work been done upon them to 
indicate their probable value. 
COLORADO. 
The deposits of coal in Colorado are of great extent, and are found 
in almost every portion of the State. The coal area has been variously 
estimated at from 20,000 to 50,000 square miles. The known and par-
tially developed coal :fields cover about 1,500 square miles, while the 
area of Ute Laramie, Fox Hills, and Colorado Cretaceous formations, 
which are coal-bearing, comprises about one-third of the surface of the 
State, or approximately 35,000 square miles. 
Coal ruining in Colorado is yet in its :first stages; but the develop-
ment of the mines is keeping pace with the growth of the State. The 
rapid increase of the manufacturing and railroad interests has of late 
created a large demand for fuel, which has caused the opening of a 
uumber of new mines, and the resumption of work at many old and 
,l bandoued workings. However, except in the immediate neighbor-
11ood of Golden, no depth has as yet been attained, only those veins 
which crop on the surface having been opened to any extent. 
'.Che coal fields of the northernmost portion of Colorado are known 
to occupy quite a wide extent of territory, but remain as yet undevel· 
oped through lack of railroad facilities and a market for the coal. The-
lw.'t known coal veins are embraced in the Crafton property, c~mtaining 
6,720 acres in the North park, Grand county. The coal here occurs in 
tlic Laramie formation, and is similar in almost every respect, as to 
c11aracter and mode of occurrence, to the coal in the Boulder and Weld 
con11ty 6:elcls. It is a lignite of ordinary quality, and occurs in thi:ee 
<listiuct veins. The principal openings are the Coal Hill, Red Bill, No. 
1, an<l No. 3. In the Coal Bill mine the coal exposed is about 15 feet 
thick, breaks in lump of all sizes, and is free from earthy matter, but 
·outains considerable quantities of iron pyrites. The following are 
analyses of two specimens : 
Water·-·····-···----· ·-··· -··-· 
Volatile matter ........ _ ...... . . 



















·1 '·ific ~rn \'it · of ... o. L 1.3G4. The color of the a h i · gray. 
'1111• J> ·<l Hill '<'ill i. · ~ h )l(t tlirP. '·fjllart •r.· of a mil di taut, and how 
.,:7 1·, o · ,. ,1 inc 1Hli1w two · i11cl ha1uk of sh~le. The con ·, ·i,ri"lw 
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to that exposed in the Coal Hill mine. The following analyses show 
its composition: 
No. 1. No.2. 
Per cent. Per cent. 
Water ........•...•.......•...... ·. . . . . 15. 20 10. 50 
Volatile matter....................... 88. 80 87. 80 
Fixed carbon . . . . . . . . . • . .. . . . .. . . . . .. . 48. 00 50. 80 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . • . 8. 50 1. 90 
1(10. 00 100. 00 
The specific gravity of No. 1 is 1.356. The color of the ash is gray. 
One mile northeast of the Red Hill mine is the No. 1 mine. . The vein 
here is the widest in the region, showing 32 feet of coal in 33 feet of 
vein material. The coal breaks in thin flakes, perpendicular to the 
plane of bedding, and shows the woody structure of lignite. The fol-
lowing are analyses of two specimens of this coal: 
No.1. No.2. 
Per cent. Per cent. 
Water........... .... .. ......... .. .... 12. 25 18. 20 
Volatile matter.................... . . 84. 75 9. 80 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . . . 88. 75 1 72. 00 
Ash . .. . . . . . . . . . . . . ... .. .... .. . . . . . . . . 14. 25 5. 50 
100. oorioo7o"" 
The specific gravity of this coal is 1.424. The source of the No. 2 
sample is not absolutely kuown. It shows a remarkable superiority to 
all other coal here. 
The No. 3 mine is a little further northeast, and the vein appears to 
be the same as that exposed at the No. 1 mine, being probably exposed 
here by a synclinal fold. An open cut shows 11 feet of coal, the com-
position of which is shown below: 
I No.~ No.a 
Per cent. Per cent. 
Water................................ 15. 70 14. 60 
Volatile matter...................... . 88. 25 25. 60 
Fixed carbon...... ........... ........ 40. 55 58. 50 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 50 6. 80 
100. 00 100. 00 
Its specific gravity is 1.360. 
Coal is also found at various points on the divide between the North 
and .Middle parks and in the Middle park, but lack of demand has 
prevented the development of the veins. 
North of the divide and ea t of the mountains wheuce Denver draws 
its principal impply of fuel, coal is found in J e:fferson, Boulder, and 
Weld countie , iu which rcsion some twenty mines are being worked, 
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The leading ones are the Marshall, Fox, Welch, Boulder Valley, Nor-
throp, Stewart, Superior, Mitchell, Garfield, Briggs, Star, Baker, White 
Ash, Murphy, Ralston, Black Diamond, and Mount Carbon. 
The coal from this district is a free-burning lignite of jet.black color, 
high luster, and of a specific gravity averaging about 1.33. As a rule, 
it is wholly destitute of any fibrous or woody structure, and contains 
less than 0.4 per cent. sulphur. The proportion of ash varies from 2 to 
8 per cent., aYeraging about 4.5. It is in general use for domestic pur-
poses, for locomotives, and for blacksmithing. The veins which are 
worked vary in width from 3 to 12 feet and average about 6 feet. 
The following analyses show the characteristics of the coal from the 
various mines of northern Colorado : 
1»1:H::i - • 14 Q = . 
Golden. -=.s ~ .; bCQ .... o.!id e..,i. ,d ~'0 14 f/SQI>, 
I 
pcil~ ~H= ~ -... Q ... ._ i. C )l~Q ~1;: I>, ~~cg .8 =.-:> . 
... ~~.e, ... ~-No.I. No.2. s.s t g ~ ~-d"§ ~~::? S·- i. o S-- o~ es~o e~o 2so 
~ ~ 
------------------1----1---- ---------
Per cent. Per cent. Per cent. Per cent. Per cent. 
Water •..........................•..•...••....•••.. 13. 43 13. 67 13. 83 12. 00 14. 80 
Volatile matter .. ... . .•.... .. ... ••................ 37. 15 34. 75 35. 88 26. 00 34. 50 
J,'ixed co.rbon ................................... . 45. 67 47. 68 44. 44 59. 20 47. 30 
.A.eh . ..................•.•..•.••..••...••.••....... 3. 85 4. 00 5. 86 2. 80 I 3AO 
100. 00 100.00 100. 00 100. oo I 100. 00 
The coal mines of northern Colorado stand second in the list of pro-
ducer , their output being exceeded only by the mines of southern Col· 
orado, which section include the mines of Las Animas county. 
11 the coal mined in northern Colorado is used on the divisions of 
th Union Pacific railroad in Colorado, the Denver, Utah and Pacific 
railr ad, and in Denver and the agricultural mining towns north of the 
diYi<l. . Tlle capacity of the various mines at Erie, Canfield, Louisville, 
autl Langford, on 'January 1, 18 3, ha been estimated by Major Mc-
Dow 11, of Eri , to be a follow : 
Localiti s. I cn~:~}[y. I Localities. 
I 
Eri '~~~ ~f:efi~~~'. .................. ···I Ton,ioo I Erie~~1t~r::.~~~~~~.~~~~~~: ........ . 
JI\ ·k OU mm . . ...... ... .. ..... . },>0 LOUISVLlle· 
.·~rthropmine . ..... ............. . 
1 
150 I Louisville or Welch mine •.•. .. .. . 
Bngi:;a min . . . . . . . . . . . . . • . . . . . . . . 12 Lan~foHI: 
U rtleld min . . . . • . . . . . . . . . . . . . . . • 36 Marshall mine (2 slopes) . . .... . . .. . 
·t. wa1 mine .. . . .. •.............. ·1 150 II Fox min (1 slop ) . . . . ..... ... · 1 
,op ·rior min . . . • . . • . . . . . . . . . . . . . . 18 13lo.ck Diamond mine .. .•• .••...•. . 









ivi n in -lud ' th c anti of Douglas, Park, El Pa o, 
th din ougla county, is ituated 
dalia t;3,tion by a braucb of 
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the Denver and Rio Grande railway. The vein is in the upturned edge 
of the Laramie rocks and varies in width from 8 to 14 feet, the coal being-
free from bone and slate throughout its thickness. It is a.lignite of fair 
quality, resembling the Franceville coal. It is opened l>y a shaft mo 
feet deep on the vein, which dips at an angle of 80°. Four hundred 
nn<l thirty feet of side drifts have been run on the vein. Depth shows 
tllat the coal is materiaily improving, and a new shaft will be sunk to _a 
depth of 500 feet. The coal is consumed by towns along the Rio O,rande 
railway in Denver, a.nd to some extent on the railroad. Twenty-two 
men are employed, and the output in 1885 will be much increased. In 
fo83,' during November and December, the production was 1,500 tons. 
The production in 1884 has been 9,000 tons. 
The Denver and New Orleans mine at Franceville, in El Paso county, 
llas been opened for a little more than two years, or since the comple-
tion of the Denver and New Orleans road, bas been actively worked, 
aud is a large producer of lignite. The mine is situated about ten miles 
cast of Colorado Springs, and the coal occurs in the rocks of the Lar-
amie period. The vein is 10 feet wide, with :fireclay roof and slate floor. 
The property contains 160 acres, and· is opened by a main drift I, 700 
feet long. About 10 acres have been explored by drifts, while the area 
mined is Jess than 5 acres. The coal is an average lignite of jet black 
color, and showing a rather high percentage of ash. Of the 10 feet of 
coal only 8 are mined, 2 feet being left as a roof. The coal is quite clear 
of bone, and no firedamp is found in the mine. The following is an an-
a.Jysis of this coal: ' 
Percent. 
Water . ......................................... 12. 90 
Volatile matter.. .. ........................ . .... 29.10 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4:;_ 00 
Ash . . . ............................. . ........ '... 12. 00 
100. 00 
The entire fuel supply of the Denver and New Orleans railway is fur-
nished by this mine. The railway consumes about 15 per cent. of the 
whole output. Production began in July, 1882, and the output up to 
January 1, 1883, was23,694 tons. During 1883 theoutputwas54,416tons, 
and in 1884, 56,070 tons. Production in 1884 was considerably decreased 
by the general strike throughout the coal-mining regions in October and 
.... oYernber. The fuel supply of Colorado Springs is derived mainly from 
the e mines, while large quantities of the coal are sold for domestic con-
. umption in Denver at the pooled price for northern coals, $4.50 per ton. 
In Park county the coal mines are near Como, and are owned by the 
Union Coal Company. They produce a good coking coal, the greater 
part of which is consumed by the railway comp,my. The fuel supply 
f Le~<lville coi.µes largely frorq t4ese mtµes? w4i9h a:re P?t f~r dist~ut, 
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Tb bank is faulted in several places, and is expensive to work. The 
eam is known as the Lechner coal, aud varies from 5 to G feet in width. 
The principal mines in Fremont county are the Coal Creek, Uak Creek,_ 
RockYale, and Williamsburg mines, and are owned by the Colorado 
Coal ancl Iron Company, and by the .Atchison, Topeka and Santa Fe 
Railroad Company. Two separate beds are worked, the upper averag-
iug about 32 feet, an<l the lower from 3¾ to 4 feet in width. The coal is 
emi-bituminous, and is sometimes mixed with bituminous coals from 
Bl Moro to make coke. Its composition is shown by the following an-
aly is, which is taken from a report by Mr. C. M. Rolker: 
Moisture .... ........................... . .. ... . . 
Volatile matter ............. ................... . 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Ash .........................•.................. 
Sulphur ...................................... . 
Specific gravity .................. ... .......... . 
P ercent. 
5. 03 






Tbe composition of other coals from the same section and taken from 
the two Oak Creek mines is shown by tlie following analyses from the 
compa:1y's books: 
No. I mine. No. 2 mine. 
Top coal. Bottom coal. Top ci:al. Bottom seam. 
Per cent. Per cent. Per cent. Per cent. 
MoiAture ............ 6. 59 (j, 72 6. 00 6. 19 
I Volatile matter ...... 35. 92 84. 76 36. 42 30. 28 
1 l•'ixetl carbon ........ 52. 72 52. 70 52. 00 51. 14 
1 
Ash ............. . .. 4. 77 5. 82 4. 68 6. 39 
100. 00 100. 00 100. 00 100. 00 
Th c al qrn k first in the State for all domestic purposes, and is 
larg •ly u cl in Denver, while Canon City and Pueblo derive their sup-
ply almo t entirely from the e mines. 
Th outltPrn di\"isiou include the counties of Las .Animas, Huerfano, . 
La, Plata atHl Dolore ·, and i by far the large t producing district in 
'olorad . Tl.I coal of La. Anirna cou11ty i a a rule bituminous, and 
larg-11 qua11titi ',' c r • mad into coke for the u e of melters in Color~ulo 
au<l •w l\I •xi ·o. 
Th El Jl ro 01 Engl min at El M r , wl.ticli i owned by the Colo-
rado ,al ancl 1 r u ' mpan, , i the larg . t producer in the State. 
Tu· '( al hc_,,l ,·ari<'.' from to 10 f t iu thickn • · , and a geueral aY r-
ag· f 'i 1 fc ·an b a· nm l. Th' c al produced i=-l a, true bituminou: 
<: ~11 and mak,:.- a11 e.; ·ell ~nt c l ·, alH i al, u, l for run.king ga ', 
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sample across the vein, excluding bony parts, gave the following anal-
ysis: 
Percent. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
Volatile matter................................ 29. 82 
Fixed carbon................................... 56. 41 
Ash........................................... 12. 82 
100.00 
Sulphur.............. .... ....... ....... ...•.. .41 
The following are three other analyses of this coal: 
No.1. No.2. No.3. 
Per ct. Per ct. Per ct. 
We,ter................... ... .... . 26 1. 06 1. 34 
Volatile matter. . . . . . . . . . . . . . . . . 29. 66 84. 48 35. 79 
Fixed carbon....... . . • . . . . . . . . . 65. 76 60. 08 54. 75 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 82 3. 78 8. 12 
100. 00 100. 00 100. 00 
The present capacity of the mine is about 1,000 tons per day, but 
this amount can readily be increased. The mine produced from 1879 
to January 1, 1884, 783,000 tons of coal. The property owned by the 
Colorado Coal and Iron Company here is estimated to contain 8,124,000 
tons of good coal. 
The Cuchara,s deposit is situated near Walsenburg in Huerfano 
county. One vein only has been heretofore developed. This is 7 feet 
thick, and the coal is very similar to the Canon City coal, affording an 
excellent fuel for steam and' domestic purposes. This coal is said to be 
the best for locomotive use mined in the State, and has been largely 
u ed by the Burlington and Missouri River railroad's engines. 
Its composition is shown by the following analyses: 
Water ............... .. ......... . 
Volatile matter ................ . 
Fixed carbon ....•.........•.... 
Ash .............•....•...•..•.. 


















The mines at Starksville are operated by the Trinidad Coal and Cok-
ing Company for the Atchison, Topeka and Santa Fe railway, and have 
uow a capacity of 600 tons per day, which can easily be increased. The 
vein worked is 6 feet thick and the coal makes an excellent coke. The 
company owns eigh1iy coke ovens. 
'Ibe mines of Las Auimas, Huerfano, and Fremont counties are mainly 
owned and operated by the Colorado Coal and Iron Company, a cor-
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poration which is closely allied to the Denver and Rio Grande Railroad 
Company. 
A large proportion of the area of La Plata county is underlaid by ex-
ten ive beds of coal which occur. in the Fox Hills horizon. Only the 
portion of the coal field near Durango has yet been explored, and here 
the exploration has been limited by the small lo.cal demand in Durango 
and Silverton. About one-quarter of the fuel supply of the Durango 
branch of the Denver and Rio _Grande railway is derived from these 
mine . While jt is generally claimed that these veins are of great thick- · 
ness, they are so broken by seams of slate and bony coal that the workable 
width of the veins is on]y slight. The Mammoth vein is estimated to be 
from 60 to 90 feet thick, but the coal is so mixed with seams of slate 
that the thickest stratum of workable coal is only 5 feet 6 inches thick. 
Other seams of the same bed range from 3 feet down to 20 inches in 
tliickness. In the bed there are three or four workable seams only. 
Tlle coal contains a good deal of sulphur and the mines are troubled 
with firedamp. The dip of the bed varies from almost 60° to 40°. The 
natural inclination of the Fox Hills group is probably about 7° to 8°. 
Upon thi belt four openings have been made, the California, Carbonaria, 
Peerle s, and Fairmount mines. The California mine has been worked 
but ligh tly and produced scarcely anything in 1884:. The Carbonaria 
mine i about 2½ miles from Durango and is owned by the Durango Coal 
and Laud Company. This mine supplies the ten beehive coke ovens 
owned by the New York and San Juan Smelting Company with slack 
for coking. The coal mine formerly supplied the town of Durango 
with a large portion of its fuel, but the local demand is now mainly sup-
pli d by the Adams Coal Mining Company. 
Tlle Peerle s mine has produced no coal. The Fairmount bas been 
idle for two years. 
About 1 mile from the Mammoth is another series of veins varying 
from 2 to 5 fe tin thickness. The beds are separated by layers of sand. 
ton , fir clay, and hale, varying from 2-5 to 100 feet in thickness. A 
min wa, op ned upon 'thi belt by Mr. J. A.. Porter in 1883, the product 
u ing an xc 11 nt bituminous coal, well adapted for coking, but the 
t llinn of the vein rendered work unprofitable and it was closed in the 
, priog of 1 4. 
pon the ame belt is the City coal bank, which produces a semi-
uitumin u. coal of good grade. The vein is from 2 feet 6 inches to 3 
t • tin hi kne . ar thi, mine i . the Black Diamond mine, which 
a go coal. The mine ha only been worked during the fall 
an l wiut r 1 nth of achy ar. Me r,. ixon & Chandler and Gal-
r th r al wn min in thi belt. · ear them is the Cham pi 11 
mio u wllich w rk wa. , th-el egun about eptember 30, 1 ~ 4, 
"·b n th "n r ··I g n upp1:in0' th D nver and Rio Grande railway . 
. !J lam. Llinin o pany i al ·o mining con id rable quant iti 
f · I. It 1iu an 1 th 1 k awk mine ar situated n r the 
Ch mpi n. 
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Adams Coal Mining Company: ................. : 10, 000 
Driscoll & Hampson . . . . . . . . . . . . . . . • . . . . . . . . . . . . l, 150 
~Er~t!,1~:ji ~::::::::::::::::::::::::::::: :: ;i 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 048 
81 
The coal field of Dolores county is some 9 miles from Rico, and has 
not been opened very extensively. Its area is about 5 by 10 miles. 
The bed lies on both sides of the Dolores river and about 750 feet above 
the stream. It has been opened by the Pasadena Reduction Company; 
the Grand View Smelting Company, and J. W. Parks. The Pasadena 
opening shows a seam from 32 to 36 inches in width, the Grand View 
seam is from 18 to 22 inches thick, and that of J. W. Parks is about 20 
inches. 
The production in 1884 was: 
Short 
tons. 
Pasadena. . . • • • • • . . . • . • • . • • . • • . • • • • . • . • . . . • • . • . . . 1, 200 
Grand View..................................... 1, 500 
J. W. Pax·ks. . . . . . • • • • • • • . • • . . • • • • • . • • . • • • . . • • . • . 800 
Total. . . • • . • . • • . . • . • • • . . . . . . . • • • . . . . • . . . . . . . 3, 500 
R 
All these coals coke well, but the percentage of ash is from 18 to 25. 
The northwestern division embraces Gunnison, Pitkin, Summit, 
Routt, and ·neighboring counties. The most extensive developments 
are at Crested Butte, Gunnison county. In some respects this is the 
most important coal bed in the State, producing the\ best coking coal; 
and is with the exception of the limited beds in the Los Cerillos mount-
ains, New Mexico, the only true anthracite coal found we.st of the 
Alleghanies. 
The bituminous coal occurs in four veins, 4 f~et, 5 feet, 6 feet, and 10 
feet respectively in thickness, the 10-foot vein only being opened to any 
great extent. The following analyses show the composition of the di f. 
ferent varieties of Crested Butte coal: 
I 
No.1. No.2. No.3. ~1 
Per ct. Peret. Peret. Peret. 
Water ....... . ........ . 3. 70 . 72 1. 10 .44 I Volatile matter ....... . 30. 97 23. 44 23. 20 24.17 
Fixed carbon .•.. . ..... 61.07 71. 91 72. 60 72. 30 
Ash ............. . .... 4.47 3. 93 3.10 3.00 --------
100. 21 100. 00 100. 00 100. 00 
The coal from the bituminous mines at Crested Butte is now exclu-
ively used in gas-making in Pueblo, Denver, Leadville, GunnisO'Il. ancl 
other towns in Oolorado. · · 
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The Colorado Coal and Iron Company, since the opening of the 
Denver and Rio Grande railroad to Salt Lake City, is shipping con-
siderable quantities of coal and coke from Crested Butte to Utah. 
Small quantities of Crested Butte coal are used east of the continental 
divide, but the principal part of the product is consumed in coke mak-
iug and for fuel in Gunnison and other western counties. The only 
anthracite coal known to occur-in Colorado is found in Gunnison county, 
on Slate creek, near Crested Butte, west of Irwin, and on Anthracite 
creek, which is a tributary of the North fork of the 0-uunisou river. 
'fbe field near Crested Butte is of limited extent, anthracite coal being 
known to occur only over an area of about two square miles, but the 
extensive development of the Anthracite Mesa mine bas made tbis the 
most prominent and well-known field in Gunnison county. The de-..;el-
opments hitherto ma4e have been in tbis mine alone, which is opened 
by a main drift over 1,300 feet long. Of the 640 acres owned by the 
company only about 25 acres ha,ve been explored by drifts and entries, 
of which perhaps 10 acres have been mined. There are three or four 
veins in the field, of which only one has been opened. The vei11 is 
about 4 feet 5 inches in thickness on the average, and dips 7° to the 
south. It is underlaid by from 3 inches to 1 foot of broken anthracite 
and slate. The roof is sandstone. The composition of the coal, which 
a true anthr~cite, is shown by the following analyses: 
i------11-_No._1. ~ 1 
Per cent. j'er cent. 
1. 588 1. 55 Water ...................... . ..... . 
Volatile matter .................... . 5. 862 4. 74 
Fixed carbon . . . . . ................ . 89. 780 89. 89 
A8h ............................... . 2. 770 3. 82 
100. 000 100. 00 
The following is an average of a number of analyses made at different 
time: 
Percent. 
Water.............. ... ....................... 1.20 
Volatile matter...... . . . . . . . . . . . • . . . . .. . . .. . . . . 5. 16 
Fixed carbon.................................. 00. 24 
A.eh........................................... 3. 40 
100. 00 
,, 




Water and volatile mntter. ..•............ .. . . . 5.17 
ix d c rbon...... .... ... .. . . ..... .... .. ...... 00. G5 
A.eh.......................................... . 4..18 
100. 00 
1 •n d in 1 ;., but th pr due wa · trifling during 
th pr dn<: i n during .· v n month amounted to 
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10,191 tons. During five months the mine was closed, and on August 
25, 1884, was leased to the Colorado Fuel Company, of Denver. Up 
to that date the product in 1884 was 3,871 tons, and from .August 25 
to January 1, 1885, it amounted to 12,038 tons, making the total for the 
year 15,909 tons, and for the entire period of working, 26,100 tons. The 
coal is sold in Gunnison for $6 per ton, and in Denver for $8.50 per ton 
of 2,000 pounds. The numper of men employed December 1, 1884, was 
75. The coal is conveyed from the mine to the breaker by a tram 1,750 
feet long and there loaded on the cars of the Denver and Rio Grande 
rail way. The breaker owned by the company is modeled after the ordi-
nary anthracite breaker used in Pennsylvania and has a capacity of 300 
tons in 10 hours. The work of the mine is seriously interfered with 
during winter months by the heavy snowfalls characteristic of the sec-
tion. 
To the south of the town of Irwin and some seven or eight miles west 
from the .Anthracite Mesa is a continuation of the same vein of an-
thracite coal in a field of some considerable extent. The vein of an-
thracite here has been opened and prospected in various places, but as 
yet there has been uo production beyond a few tons annually for local 
use. The :field here is probably much larger and possibly better than 
the .Anthracite Mesa field. Down Anthracite creek and on various 
tributaries of the North fork of the Gunnison, anthracite coal is known 
to occur over a large extent of territory, but the quality of the coal is 
generally inferior and no good vein has been opened. 
This anthracite field. is particularly remarkable from the fact that it 
is, with the exception of a limited field in Sante Fe county, New Mex-
ico, the only locality where true anthracite is known to occur in any 
quantity in the West. In quality it is excellent, and, where used for 
domestic purposes, is generally preferred to any other coal. It burns 
well, and contains quite small quantities of ash. Its superior quality is 
not generally known, but its use is continually growing. 
The Cutler banks in U ncompahgre county, on the divide between the 
Cimarron and the Uncompahgre, produce a medium grade lignite, suit-
able especially for domestic and rail way purposes. There are four prin-
cipal veins, 21 feet, 14 feet, 12 feet, and 6 feet in thickness. They have 
as yet been only partially opened, but their proximity to the Utah ex-
tension of the Denver and Rio Grande railroad will cause their early 
development,. The following analysis shows its composition: 
Water . . ..............•..................... 
1 jf1:~i~~bot~~: ::: : : : : ::::::: ::::: :::::: :::::: 
I Ash ...... ....•....... .•. - ................. ____ _ 
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A ·vein of semi-anthracite coal occurs in the canon of the Uucompahgre, 
about five mile north of Uncompahgre park. The vein is about 2½ 
feet in width, and some small amounts of the product are freighted ro 
Ouray. The composition is shown below: 
Per cent. 
Water............. .. . . ... . .... . ....... . ....... 1. 86 
Volatile matter...... . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 70 
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77. 32 
/ Ash ..... ...... .......... . . ................... 10.12 
1----1 
100. 00 
The anthracitic character of thi8 coal is thought to be due to the ig-
neous dikes in the vicinity of the outcrops. 
The Cow Creek mine, near Ouray, and on a branch of the Uncompabgre 
river, hows a vein over 10 feet in wirlth of a very fair lignite coal. 
The mine was opened in 1883, but no coal was extracted. There is no 
market for the coal except in Ouray, which requires about 60 tons per 
mouth. The completion of a branch railway up the valley of the Un-
compahgre to the North San Juan mines will bring this mine into promi-
nence as a producer. The output in 1884 was 400 tons, all of which 
wa old in Ouray. 
Coal veins have been opened on Rock creek, in Pitkin conntJ~, and 
ome of the coal bas been made into coke for . the use of the Aspen 
melter. No statistic have been obtaiuable, but the production in 1884 
did not exceed 1,000 ton . The coal is not very clean, but portions of 
the vein yield a fair coke. The local demand in Aspen is P-xceedingly 
mall. 
The principal coal mine of Colorado are owned or controlled by the 
railway compaoie which enter the State. The companies operating 
on the large t cale and the corporate name under which they transact 
their mining operation · are the following : 
Denv rand io Grande Rail way: Colorado Coal anu Iron Company. 
Union Pacific Railway: Union Coal Company. 
Burlingt n and ~1i ouri River Railroau: Colorado Fuel Company. 
Atchi on, Top ka and Santa Fe lfailroad: Canon City and Trinidad 
Coal and oking Companie . 
D nver and ..1: ew Orlean Railroad: New Orleans Coal Mining Com-
pan . 
nv r, Utah and Pacific Railroad: Mitch II Coal Mining Cornpan:. 
' Of tb , th larg ti. the Uolorado Coal and Iron Company, which 
ha it h ad uart r at utb Pu bl , and contr 1 mines in· Fremont, 
L Anim , u rfan , an Gunni ·on counti . It owns all of the im-
portant coking co 1 v in. in the tate exc pt that of the Trinidad Coal 
and oking mpa mall okiug vein are al aid to be owned 
/ 
COAL. 35 
by individuals at Crested Butte and Rico. The production of coal by 
this company is shown by the following table: 
1873 ...... . . ..... . .. .......... ··- · .... . 
_____ Y_e_ar_s_. _____ 
1
_s_h_o_rt_to_n_• [ Yom. 
12,187 1879 ..... . .. . •..•.•..•• . .•...•... . .••. 
~horttons, 
120,102 
]87t . . ..... ..... .. ... .. . . . : . .•... . .. 18,092 18RO ..•....... . .. . ... ....... . .. ... . .. . '>'>J ·•-H 350; 944 1875 .......•... ······ ....••.•.•••..... 
1876 ...... ······ .•...... . . ..... ····· .. . 
1877 ................••.. ···•·· ........ . 
1878 . .•.. . ............. . ...•..... • ..•. · 
15, 278 1881. ... . ....••....... . .. . ..•... .. ... . 
20, 316 1 1882 . . ... .... - ..•...........•.•. . .••. 
44,410 1883 ...........•......•.•...•..•..•.•. 




The greater portion of this coal is consumed by the Rio Grande rail-
way, the rest being used by the company's steel works and for making 
coke. The operations of this company have been seriously curtailed in 
1884: by strikes, which lasted from .August 4, almost uninterruptedly, 
until December 22. The comparative production of its different mines 
can be seen by the following statement of production in 1883: 









The Union Coal Company em braces the mines owned by the Union 
Pacific Railway Company. This company owns mines mainly in north-
ern Colorado, and the greater part of its production is consumed by the 
railway for fuel. The.principal mines and their production in 1883 is 
as follows: 







The production from these mines in 1884 was lessened because of the 
general strikes, and was 195,041 tons, the only decrease having been in 
the Welch and Northrup mines, amounting to 37,019 tons. 
The Colorado Fuel Company has as yet no producing mines, its fuel 
supply coming from others. It consumes the greater portion of the 
production of the Cameron and W alsen mines of the Colorado Coal and 
Iron Company. It also controls by lease the anthracite mines of the 
Anthracite Mesa Mining Company at Orested Butte. 
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The coal properties of the Atchison, Topeka and Santa Fe Company, 
and their production in 1883 are as follows : 
Mines. Short tons. 
Trinidad mines, Las Animas county . . . . . . . . . . . . . • • • • . . . . • • . . • • . . . . . . . • . . . . . . . • • . . . • . . • . . 109, 190 
Ca.non mines, Fremont county . . • . • . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . • . . . • • . 106, 854 
Total... . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 216, 044 
The Denver and New Orleans Railway owns the mines at Franceville, 
El Paso county, the production in 1883 being 54,416 tons. The Mitchell 
mine is in Weld county and is operated by the Denver, Utah a~d Pa-
cific Railway. The production of the mine in 1883 was 18,119 tons. 
The total production of coal by rail ways in 1883 was 1,093,170 tons, 
leaving but 136,523 tons as the output of other corporations. 
The production of coal in Colorado has steadily increased since the 
mines in Boulder and Jefferson counties were first opened. In the dec-
ade from 1860 to 1870 considerable quantities of coal were mined for 
domestic uses in Golden, Denver, Boulder, Black Hawk, and Central, 
the principal supply coming from the mines near Golden, and on Ral· 
ston creek, 10 miles north. The Marshall coal bank assumed impor-
tance as a producer in 1865, although previous to that time the ranchmen 
in the neighborhood bad hauled away small quantities of coal. The 
completion in the summer of 1870 of the Denver Pacific railroad from 
Cheyenne to Denver, the Kansas Pacific, and the Colorado Central from 
Denver to Golden, created a large demand upon the mines of Jefferson 
and Boulder counties. The completion of the Boulder Valley railroad 
from Brighton to Boulder, in 1873, opened to market the mines of Weld 
and Boulder counties, where the present coal.mining towns of Erie and 
Canfield now stand. 
The following table shows the growth of coal mining near Golden : 
Years. 
1864 .......................... ...... . . 
1865 ...... ··························· 
1866 ............ . ............... ..... . 
1867 ............ ..................... . 
1868 •••.••••••••.•.••••••.•..••••••••. 
1869 ... . ............................. . 
1870 ... ... ···•·· ....•...•.....•...••.. 1 
1871. .•.....••.. . ....•..•.........•.•. 
1872 .• ·····•·· ·•··••··•······· ..... .1 
1873 ..••.. . ...•..•.•••.. ······•· •····· 
1874 .. .... ... ............... .. ....... . 
a Estimated. 
Short tons. j Years. 
I a500 1875 ..••.•.•...• ..•... •••.•.•.••..••. 
al, 200 1876 .......••..•••••..••• ...•.•. ..... 
ab 6, 400 I 18'i'7 ............•......••...•••..•••. 
abl 7,000 1878 .................•• .••..•.•... ••. 
ab 10, 500 I 1879 ........•....••...•••. . .•.•...... 
ab 8,000 I 1880 ~ •••• , .•. ••••••• .•..•. •••• •...• 
ab 13, 500 1881. •••••.......••.•. •.••• •••••••••. 
ab 15, 860 1882 .••••• . ••.....•••......•••••..••. 
ab 14,200 I 1883 . . • . . .......•••...•.••....••.••. ~rn:~~ I 1™· ··· ················· ············ 
b Includ product of Marshall mine, Boulder county. 
Short tons. 
b23, 700 









Th amount of coal ·bipp d from the mines in the vicinity of Erie 
ancl c, nfi ld, from the completion of the Boulder Valley road in 1872 
t 1 77 i hown by th -f 11 wing figure , furni hed by the auditor of 
th n~ r acific raih c : 
Years. 
1872 ..•••....... ...................... 
1873 ...... ............ ······ ......... . 







1875 .. ··············••······· ....... . 





The estimates of the production of the northern division for the years 
1877 and 1879 are taken from Fossett's "Colorado," which is generally 
accepted as an authority in statistical matters. The average thickness 
of all the beds composing the J e:fferson County coal field is from 30 to 35 
feet. These beds have been explored to a depth of over 600 feet-the 
deepest coal mining in the Far West. At this depth the coal is dense, 
hard, free from mechanic.al moisture, and of superior quality as fuel, re· 
eembling anthracite in many of its properties. 
Coal production of Colorado from 1864 to 1884. 
Years. Localities. Short tons. 
1864 ...... Jefferson and Boulder counties .•••••.••.••••••.•..•...•..•••..• . .••••. 
1865 ...... Jefferson and Boulder counties .••..••..••.••••••••••••••••••. : ••••.••. 
1866 ...... Jefferson and Boulder counties .•••••••••••••.•••••.•••..••.•••••...... 
1867 ..... . Jefferson and Boulder counties . .•.•••••••.•••..•..•••••..••••••••.••. 
1868 .. .... Jefferson antl Boulder counties ..•••••.•••••.•••••.•••••.••..•••••... . 
1869...... Jefferson and Boulder counties •.....•...•.•....••••••••••••.•••••.••• 
1870...... Jefferson and Boulder counties ......•.•.•.••.••••.•••..•.•••..•••..•. 
1871...... J efferson and Boulder counties . ..... ••..•..••••.•••••.•••.••......... 
1872 ...... J efferson and Boulder counties............. .••••• .••••• .•••••.••.• ••. 14,200 
Weld county. . . . . . . . . . . . . . . . . . . . . . . . • • • • • . . . . • . • • • • . . . • • . • . • . . . . . . • . . . 54, 340 
1873 ...... Jefferson and Boulder counties ....•...••....•.•.••.•••...•.........•. 
Weld county ....... ...... .. ..............•••••••••••••........•.•.... 
Las .Animas and Fremont counties ...•..••..•...•.•.••••.••.••••••.•.. 
1874 ...... Jefferson and Boulder counties ............••••••.•••..•..•••.••..••••• 
Weld county .... . .....................•...••••.••••.••.•••• .......••. 
Las .Animas and Fremont counties ...•.•.••••••••••••.•••...•.....•.. 
1875...... Jefferson and Boulder counties ...•••...•••.••..•.•••.••..•••••........ 
Weld county . . . .... ..................•...••••.••••••.•••.•••..•...... 










1876.... . . Jefferson and Boulder counties . • • . . . . • . . • • . • • • . . . • • • • • . • • • • • •• • • • . • . . 28, 750 
Weld county . . . . . . . . . . . . . . . . . . . • • • • • . . • . • • . • • • • • • . • • . . • • • • • • • . . . . . . . . 68, 600 
Las .Animas and Fremont conntieR . . • . . . . . . . • • . . • . • • • . •• • . . . . . . . . . . . . 20, 316 
1877 .................... . •....••.•..•..•••.•..•••• ••••••·••••••••••••••••••····••· ·•••·• .... 
1878
-·•· · · W:il{aiJ/Eit: ::.:::: :: ::::: :·:::::::::::::::: :::::::::::::::::::::: !t ll! 
1879...... Northern division .•...••..••.•••••••••••••••••••• •••••••••••••.•••••• 
Central division .....••.•••...•..••..••.•••.•••••••.•••••••••••••••••• 
Southern division ..........•••••..•..••••••••.•••••••••••••••••••••••. 
1882. .. . . . Northern dinsion .....................••.••.•••..•.•.•••............. 
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Coal production of Colorado froni 1864 to 1884-Continued. 
Year. I Localities. Short tons. 
- --------------- - ----1------
1883 .•••.. 1 Northern division: 
Mines near Erie and Canfield ....... .... . - .. -.. --- · · · · · - · -· · · · • • · · 
LoniRville .................................... · . . ... -.. . 
. ~~1:~~~l: .-.-: :.-:::: _. _.: .-.- _._._ . .-:: : :::.-:::::::: :: : : : : ::: : : : 
Central division : 
Mines near Sedalia ...... . ...........••..... ....... .............. -
Franceville ......................... : ........ ..•.. .. -· 
Como ........................... ..... ... .... ......... . 
Ca.non City . ............................... ... ....... . 









Mines near Trinidad and El Moro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400, 929 
~:;:~~~~iiiti~~·:::~: ::: : :::::: :: . : : : :::: ::: :: ::: : :~ ii:~~~ 
Northwestern divisfon: 





Total, 1883 . • . • • • • • • • • • . • • . . • • • • • . . . . . . • • • • • • • • • . . . . . • . • . • . . . . . . . . • • . . . • . . • 1, 229, 593 
The coal production of Colorado in 1884 was greatly lessened by re-
peated and extended strikes among coal miners, lasting from August 4 
to the end of the year. The company suffering the heaviest loss has 
been the Colorado Coal and Iron Compapy, but almost every coal oper-
ator in the State bas felt the effects of the strikes to a greater or less 
degree. The production of the mines of the northern portion of the 
State would otherwise have shown a great increase consequent upon 
the growth of Denver and of railway and manufacturing interests. 
The production in 1884 was as follows : 
Northern division: Short tons. 
Mines near Erie and Canfield . . . . . . 102, 955 
Hornsville . . . . . . . . . . . . . 73, 327 
~~1fe~~~.:::·.-.::::::::: ~~:~~~ 
Central division : 
Mines near Sedalia .............•... 
Franceville ........... . 
Como .... . ........... . . 







Southern division: Short tons. 
Mines at Triniclad and El Moro.... 402, 060 
Walsenburg.............. 61, 798 
La Veta.................. 583 
Durango and Rico...... . . 19, 424 
Northwestern division: 
Mines at Crested :Butte ........... . 
~~f!!{ii:::::::: ::: :: : : : : : 







Total ................................................................................ 1,130,024 
The number of men employed in coal mines is estimated to be about 
1,750. The wage paid vary from 60 cents to $1.25 per ton. The value 
of Colorado's product in 1883 may be averaged at about $2.25 per ton 
at th min , a total of $2,766,584.25. The value of the output in 1884, 
at th ame price per ton, i 2,542,554. 
DAKOTA, 
ru Dak ta b w o er a va t extent of country the rocks of the 
Larami format ion, and a larg portion of tbi Territory is probably un-
.rlaid b;r · ,am of co l f varyiu., thfokne and quality, but imilar to 
th , f the •a. t rn co I fi Id f lontana. As in all the northwestern 
T ,rrit ri · lack of ur render all e timate of the area of the coal-
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bearing territory valueless. In 1874 the Government Land Office esti-
mated the coal-bearing area at 100,000 square miles, but investigations 
ham shown that this estimate is much too great, and the probability, 
is that only a comparatively small section is coal-bearing. Although 
some deposits are known to occur north of the Black Hills a:nd else-
where, the coal development has so far been confined to two localities, 
Sims and Little Missouri, where the Northern Pacific Coal Company has 
opened mines. The Little Missouri mine is near the western boundary of 
the Territory, on the line of the Northern Pacific. The coal produced 
here is a poor lignite. The mine has been closed since February 1, 1884, 
and probably will not be worked again. During January, 1884, the 
production was but 323 tons of coal. The coal has been superseded 
entirely for use on locomotives by the greatly superior coals found else-
where on the Northern Pacific, notably at Bozeman, Montana. 
GEORGIA. 
The coal field of Georgia is found in the northwestern corner of the 
State, and is of comparatively small extent, covering only 170 square 
miles. It is formed by the passing across of a portion of the Appala-
chian field on its way from Tennessee into Alabama. Some few works 
mine the coals, which are similar to those found in adjacent parts of 
Tennessee and Alabama. The product is small, being estimated at 
200,000 tons for 1884. . 
IDAHO. 
Bituminous coal and lignites, some of which burn well, have been 
found at many points in Idaho. In the Squaw Creek country, 20 miles 
from Boise City, the outcrop of good coal is found over a district 12 
miles square. The coal has been tested. and has ·proved excellent. A 
company has been formed to carry 011 mining operations in the district, 
and several contracts have already been placed for it. This coal may 
possibly be used extensively at the smelters in the vicinity of Wood 
River. ' 
ILLINOIS. 
This State contains the greater part of the Illinois coal field, a very large 
proportion of its surface being underlaid by the Coal Measures. The 
field is longest from northwest to southeast, the eastern side spreading 
over a considerable portion of Indiana and the southeastern extremity 
passing across the Ohio into Kentucky. The Coa,l Measures, as in the · 
Appalachian system, contain repeated alternations of sandstones, shales, 
bituminous slate, thin bands of limestone, and seams of co.al, with the 
under clays which usually accompany them. In southern Illinois they 
attaiu an aggregate of from 1,200 to 1,400 feet, while in the northern 
portion of the State their entire thickness does not exceed 600 or 800. 
feet. The Conglomerate sandstones at the base of the true Coal Meas-
ures must be considered with the latter, for the reason that they con-
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tain, as in other States, coal seams of workable thickness, which shade 
into the true Coal Measures in such a manner that it is difficult to fix 
any dividing line between them. In the ·southern part of the State 
these Conglomerate Coal Measures are from 200 to 300 feet in thickness, 
and at some points contain well-defined coal seams, though generally 
local in their character. 
The report of the Bureau of Labor Statistics for 1882 presents much 
valuable information in regard to the coal field of the State. From it 
we learn that within the limits of the Coal Measures there have been 
di covered sixteen different seams of coal. These seams vary in quality, 
in continuity, and in thickness, and are never all found at any one place; 
yet some of the most persistent of them pervaqe large areas, are of 
good minable thickness, easily worked, and sufficiently near the. sur-
face to be readily reached. At the same time there is a marked degree 
of uniformity in the distribution of these productive seams throughout 
the State, so that coal may be said to be generally prevalent. 
In the geological classification these seams of coal are nnm bered up-
ward, the No. 1 bed lying at the base of the formation and the No. 16 
at the top. Tile Atrata bearing all those seams below No. 9 are desig-
nated a the Lower .Measures, and those above and inclusive, the Upper 
Mea ures. The former underlie nearly the whole body of the State, 
and being carried to a great depth by the dip of the strata in the middle 
and southeastern portions of the State, are there overlaid by the Upper 
Mea ures, which occupy perhaps a half of tbe whole field. The most 
prolific and persist~nt seams, and the only ones which are extensively 
mined, are those of the Lower Measures, which are also the most uni-
ver al. Of these Nos. 1, 2, 5, 6, and 7 are the most comipicuous and 
pr ductiv . 
No. 1 is the characteristic coal of Rock Island and contiguous counties, 
iu the northwestern borders of the field; and it is not elsewhere so ex-
t n ·ively mined, though found in Warren, McDonough, and other coun-
tie '- No. 2, how ver, i more generally distribute<l. It has its fullest 
d • lopment in the "Big .M:uddy" region, where it sometimes attains 
a tbickue of £ t at or near the surface. In this region the earliest 
·oal mine of th tate w re developed. The 8ame seam also appears 
in th oppo ·ite extremity of th State, in the Braceville and Wilmington 
di. tri ·t:-: witli a thickne of 3 i et and a depth below the surface of 
abou fp . t. A .,a.in i L found at La Salle, at a great depth, and is 
thir l ~ in" ·oal; and at Minonk, in Woodford county, 
it i al m >-2 f t thi k, , u l i r ach d at a depth of 55~Heet below the 
rfa<· . It - lat : dL v ry ha· b ~ at Mattoon, in Coles county, 
h I i ha h n r a ·b <1 y the leep t and mo t co tly baft in the 
t t t. <1 pth f 904 fi t. At all th e point tbi seam i notice-
abl for it ex · 1l n . 
n b o. 5 i the commercial coal, and 
untie it lie at a depth ranging ·from 
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200 to 400 feet, and attains a thickness varying from 5 to 8 feet. This 
sealli also produces the greater portion of the coal in Peoria county, 
where it is found nearer the surface, and about 4½ feet thick. No. 5 is 
also the so-called" second vein" at La Salle. Of late it bas been discov-
ered and opened at Niantic, in Macon county, where it is 5½ feet thick 
and 365 feet deep, and is also found at Decatur, with a thickness of 4¼ 
feet and a depth of 612 feet, and at Pana, in Christian county, at a depth 
of 714 feet and 7½ feet thick. It constitutes the rich deposit at As-
toria, in Fulton county, and appears also in the south end oftbe State, 
both in Williamson and Saline counties, and wherever found is a seam 
of good body and quality. 
Seam No. G is the distinguishing coal of the Belleville district, em brac-
ing several counties tributary to Saint Louis. It is from 6 to 7 feet 
thick at the surface, but, following the inclination of the strata in a 
general dip to t,he east, is carried in Clinton county to a depth of 400 
feet, and iu the vicinity of Centralia, Marion county, to a depth of 600 
feet. In Saint Clair county, however, it is generally within 150 feet 
of the surface. This seam is also identical with that at Kewanee and . 
Sheffield, on the north; it is associated with No. 5 in the mines at Bloom-
ington, and makes a valuable outcrop in the vicinity of Danville, Ver-
million county. 
The phenomenal seam, however, is No. 7, which in Williamson county, 
in the southern extremity of the State, presents an outcrop 10 feet thick, 
and an average t hickness in the mines at Carterville, about 60 feet be-
low the surface, of 9 feet. This seam also shows a thickness of 7 feet 
in the Danville district, where it is ext~nsively mined and s tripped, and 
again appears as the "first" or upper vein of La Salle, and is associ-
ated with No. 5 in the outcrop on the Ohio river. The Streator has also 
been iden ti:fi.ed as No. 7. This seam is distinguished wherever found 
by the character of its partings. Late discoveries at Streator disclose 
a seam 9 feet in thickness, with two partings, whereas in the old work-
ing8 the seam is 6 feet, with one parting. These partings give the deposit 
. the appearance of three seams in one, but it is believed to be nearly one 
seam. 
The seams peculiar to the so-ca.lled Upper Measures, numbered from 
9 to 16, are found in those parts of the State where the Upper Measures 
prevail, though rarely of sufficient importance to be worked. They are 
frequently intersected by the deeper shafts in different localities before 
the lower coals are reached, and thus their character and relative posi-
tions are defined. 
At the La Salle shafts, Nos. 9, 12, and 13 are present, in addition to 
Nos. 2, 5, and 7, which are the workable beds. These upper seams 
range from 6 to 12 inches in thickness. In Macoupin county Nos. 8, 9, 
and JO appear above the principal seam from 10 to 15 inches thick; 
while in the counties lying south and east·of the center of the State, Nos. 
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14, 15, and 16 sometimes attain a thickness of 20 or 30 inches, and when 
lying near the surface possess some economic value. 
In this part of the State the main seams of the Lower Measures nre 
carried b~- the inclination of the strata to a great depth; but the belief 
is entertained, and confirmed by observation and experience, that the 
greater cost involved in reaching these lower seams will be compensated 
for by the greater uniformity a,nd purity of the coal when obtained. 
This has proved to be the case in the interesting and costly te~t for coal 
which has just been successfully consummated at Mattoon. At this 
point the shaft bas been pushed to a depth of 904 feet, but at that depth 
has disclosed 3½ feet of coal entirely free from the prevailing impurities 
of Illinois coal. At Pana and at Decatur valuable seams have also been 
discovered at great depth. 
On the extreme northeastern border of the coal fields in Grundy, Will, 
and Livingstone counties the measures contain a single seam of coal, 
averaging about 3 feet in thickness. In the vicinity of Morris this seam 
is abont 30 feet below the surface, and is easily accessible but somewhat 
variable in quaUty. This seam has been reached at other places in the 
same part of the State by boring, and its proximity to Chicago renders 
it of importance. It is supposed to be the equivalent of the seam found 
at Murphysborough, in Jackson county, or No. 2 of the general section. 
Analyses of some Illinois coals. 
Designation. Water. Ash. Volatile Fixed matter. carbon. 
-------------------!----------· ---
f~;~:;~~~~t~~~Iir~: :::::: :::: :: ::-~~ :::::: :: : ::: : : 
Car1,onda1e, Jackson county ............. .......... ..... . ... . 
!i!iitlf ii/_[_\\I\:(i\?\ 
Lombardnllo, Stark connty .. . ............... .. ........... . 
Monnt Carbon, Jackson county . . .................. ..... . 
Og1el!by, La Salle county, second vein ... . ... ........ .. ..... . 
Oglesby, La, aUe county, third vein .................... . ... . 





































































The f'. llowing statements are presented by the State Bureau of Sta-
ti tic of Labor for the year ending July 1, 1884: 
NomhPr ot coontl producing coal . .. 49 Average number of days of activeope-
.:Tnmber of min& and openings of all rations in the year ............... . . . 
kinds . -. --- . . . . . . . . . . . . . . . . . 741 .A. verage price per ton paid for mimng . 
Tnmb rof mploy68otallkind&...... 25,575 Nomberofkegaofpowderused . .. .. . . 
'umber of tons of coal mined, 1884 .... 10,101,005 Number of men killed .. ...... ...... . . 
Ag~ ~at value of tho same at the .. -nmberofmen.i.Djuredsoastolosetime 
min • . - - - ... ... - - ...•...•...•.... $13, 16,, 976 Number of ton minrd for each life lost 
Av ra...-e valu ver ton for the tate. at I Number of employe8 of all kinds for 








mpari on with the rep rt of tbe bur au for the year ending July 
3 h w tha the numl r of min and opening of all kind has 
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increased largely, being given for the latter year as 639, and 741 for the 
year ending July 1, 1884. The analysis of the character of the several 
mines, as indicated by their output, however, shows that the increase in 
the number of mines producing more than 10,000 tons a year is only 
nine, the increase indicated by the total number of mines being almost 
entirely in mines whose annual product is less than 10,000 tons. The 
a Yerage value of coal per ton at the mines, for the State at large, as 
computed by the bureau, was, for the year ending July 1, 1884, $1.30, 
as opposed to the average of the previous year, $1.46. The average 
working time of all the mines in the State for the same year is com· 
puted by the bureau as 200 days. The following is a statement of the 
coal production of Illinois since 1873 : 
Yeara. Long tons. 
1873... • • . . • • • • • . • • • • . . • . . • . . . . . . . • • • . . 3, 500, 000 
1874.......... . .... •• . . . . . . . . . . . . . . . . . . 3, 000, 000 
1875............ ••• . • . . • • . . . . .• . . . . . . . . 3,500,000 
1876. . . . . . . . • . • • . • . . . • • • • • . . . . . . . . • • . . . 3, 500, 000 
1877. . . . . • . . • • • • • • . • • . . . . . . • . . . . . . . . . . . 3, 500, 000 
1878.. .. . . . ... .. ... . .. .... .. ... . . . . . . . . 3, 5ll0, 000 
YeR.1'8. 
1879 ..•....•.••..••.............••••.. 
1880 .................... ·······••····· 
1881. .... .... ....•.................... 
1882 .••..•••••..............•.•...•... 










Indiana contains part of the southeastern end of the Illinois coal 
basin, the lines of the basin passing on across the Ohio some distance 
to their terminus in western Kentucky. The productive coal lands of 
the State have an area of about 250,000 acres, the coal.producing rocks 
being found in the counties of Posey, Vanderburg, Warrick, and Spencer; 
the western parts of Perry and Crawford; in Gibson, Pike, Dubois, Knox, 
Daviess, Martin, Sullivan, Greene, and Olay; the western part of Owen, 
and in Vigo, Parke, Vermillion, Fountain, and Warren, with a projec-
tion in a narrow band of Coal Measure rocks (conglomeratic sandstone), 
underlaid by thin beds of Keokuk limestone and Knobstone shales of 
the Lower Carboniferous group, extending from the northern part of 
Warren county in a northeasterly direction across Benton, and termi-
nating near Rensselaer, in Jasper county, where the Conglomerate is 
mas ive. It is probable that this projection is not continuous, but in-
terrupted at intervals. 
The development of the coal fields of Indiana has been somewhat re-
cent. The existence of coal in the State has long been known, but for 
many years, except for blacksmithing purposes, it scarcely found a mar-
ket, the supply being chiefly brought from Pennsylvania. The estab· 
lishment of the State Geological Survey and the publication of its re-
port · did much to call attention to the abundance of coal in the State 
and its excellent quality. Since the work of the survey has been going 
on the value of the coal lands bas risen greatly, and the coal is used to 
a very large extent by railroads and manufacturing establishments and 
for household purposes, not only in Indiana, but in many neighboring 
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States, extensive shipments being made as far west as K ansas. The 
output bas increased 300,000 tons a year for the last six years. The most 
important, from a manu facturing point of view, is the block coal, which 
is chiefly found in three veins, the lower block 3 feet 8 inches thick, 
the main block 4 feet 4 inches, arnl tbe upper block 1 foot 10 inches. 
This i, an admirable coal, and in many respects is peculiar to the State. 
What the celebrated English chemist .Mushet said about a certain 
Welsh coal is equally applicable to tbe block coal of Indiana. To the 
purity of splint coal it unites all the softness and com bus ti bility of wood, 
and the effects produced by it in the blast furnace, either as to the quality 
or quantity of iron, are claimed to exceed everything in the manufacture 
of that metal with charcoal. From careful analyses it is ascertained 
that this coal gives from 56 to 62 per cent. of fixed carbon, and a small 
amount of water and of ash . Dr. E.T. Cox, the geologist, gave this coal 
an exceptional character as an iron-smelting fuel, and reports a ton of 
pig iron as being made with 4,250 pounds of block coal. 
The coal in Ulay county is favorably known as an iron-smelti:µg fuel, 
and its qualities are thus described : "Tb ere are two veins of coal, the 
upper averaging about 3 feet 10 inches in thickness aud the lower aver-
aging about 4 feet. 'rhe roof is principally saml rock, slate,_ and slate 
and sand rock mixed. Fire and potter's clay of good quality underlie 
the coal. The average depth to the first vein is :1bont 45 feet from the 
tmrface, and the second or lower vein is found at an average depth of 
75 to 80 feet. The coal is free from slate and sulphur. It burns freely, 
and leaves a soft, fine, white ash, similar to wood ash, and no clinkers.'' 
For dome tic and steam purposes the coal is largely used in all the cities 
and towns both of this and adjoining States, as transportation facilities 
are of the most extended character. 
In the block-coal zone of the Indiana coal fields there are as many as 
eight seams of non-coking coal, four of which are of good workable thick-
ne s over a portion of the field. These are I, G, F, and A, which to-
gether have a maximum thickness of J 5 feet ; and by including the other 
four earns we have 6 feet more, making a total of 21 feet of block coal. 
Tbe coal of Parke count.y i ·, favorably reported on for the manufact-
ure of iron. It i a block coal, averaging 5 feet in thickness, weighing 
77 pound to the cubic foot, and gives by analysis 62.5 fixed carbon, 
31.U0 volatile matter, 4.05 water, and 2 per cent. of ash. The estimated 
area i a out 30 quar miles of workable coal. 
The'' upper block," at Washington, in Daviess county, is extensively 
min cl, and m t. with a r ady market at Saint Louis and all the towns 
on the Ohio and Ai i ippi railroad. It pecific gravity is 1.294; a 
cubic foot weigh u. 7 p und ·; by analysis it yields : Fixed carbon, 
· a h 4.5 ; vol tile matt r, 5.50. The coal worked is known 
a L a 5-fo t am of it min u , an excellent coking coal, free from 
im oriti , an l w icb may ban lled and tocked without much loss. 
lt ba e n n, d for g, ·-making at aint Loui., and i a 3-foot 10-inch 
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seam of very pure coal, jet black, of cubical fracture, and bears a good 
reputation as a fuel for general uses. 
The following analyses show the character of the Indiana coal: 
Localities. 
--------·------·1------------
$:li~i~?~~~:::: ::: : : : : :: ::::: :::: :::: :: :::::::::::::: 
Posey county .......••••.......••....•••••••••....•.•.....•.. 
Sullivan county ......••.•..•............•••..•..... , ....... . 
Daviess county ......................•••.••....••.••........ 
Vermillion county .......••••..•••...•...................... 
Parke county ....... ......•••••....................... . ...... 
~~;t:g:17 ~.~~~.::::::::::::::::::::: : : : : : : : : : : : : : : : : : : : : 
Owen county .. ......•....... •..•..................•.... , ..... 

















































The following statement shows the production of coal in Indiana 
since 1873: 
Years. Longtons. Yeo.rs. 
1873 . . . . . . . . . . . . . . • • • • . . . . . . . . • • • . . . • . . • 1, 000, 000 1879 ..............•..•................ 
1874.... .. .... .. ....•.. ...•... ... .. . . . . 812,000 1880 ..............•.......•......•••.. 
1875 . ........•...•.•... .... ............ 800,000 1881. .............................•.•. 
1876 . ................. . ................ 950,000 1882 ....................•..•. ..••.... . 
1877. . . . . . . • . • . . . . • . . • . . . . . . . . • . . . • • . . . 1, 000, 000 1883 ..................•..••........... 









The Ooal Measures of this Territory are known to cover about 12,000 
square miles, although how much of this may be productive is not known. 
At Savanna and Lehigh are located the coal mines which supply the 
great system of roads operated by the Gould combination. These are 
the chief developments in the Territory and are mining a large amount 
of coal. 
The following analysis shows the composition of the coal: 
Per cent. 
Water........................................... 2.90 
Volatile matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36. 79 
Carbon.............................. • . • . • . . . . • . . 36. 41 
Ash ............................................ ·. 3.90 
100. 00 
IOWA. 
1 The Coal Measures of Iowa have been divided into three groups, the 
Upper, Middle, and Lower Coal Measures. The Upper Measures occupy 
the southwestern corner of the State and ~arry but one seam of coal, 
which averages about 18 inches in thickness; the middle Coal Measures 




of country some 50 miles in width, passing through some nine counties. 
· These mea ures contain all the larger beds of coal, and in fact the most 
of the coal of any commercial importance found within the limits of the 
State. The line within which tbe outcrop of the Lower Coal Measures 
i found is very irregular, but in general does not depart far northeast 
of the line of the Des Moines river. The line of _outcrop of the Lower 
measures is of course the limit of the coal of Iowa, with the exception 
of a small deposit in Scott county, 8 miles west of Davenport. Here 
there is a small district of almost one township.containing a seam of coal 
averaging 3 feet in thickuess. In this district are located ten mines 
(one slope and nine shafts), the deepest of the latter being 64 feet. 
In the main coal field there are eight counties which have coal ranging 
from 5½ to 9 feet in thickness, while several of the others have within 
their limits veins from 3 to 4 feet thick. The development of the coal 
industry in Iowa, as in Indiana, has been quite recent. A few years 
since the State was considered to have but little coal of importance. 
With a great spread of railroad faciliti~s, however, development of the 
coal fields has been going on rapidly, and the production of the State 
will no doubt rise greatly within the next fe~ years. 
The following statement shows the production in Iowa since 1873: 
Years. 
1873 . .•••....•••.........• . .••....••••. 
1874 ..••••. ·•·•····•·····•·•••••·•·•··· 
1875 . .••......•..••••.......•....••.... 
1876 . •••....•••.•.••••••••••••••••••••• 
1877 . .....•..••••..•.•..••...••...•.••. 
1878 •••••..........••...•..•.•...•••.. 










1880 .... . .•••••••••••. ·••·••••·· •..•.. 
1881. .............•..••...••..••...... 











The workable coal beds in the State of Kansas, so far as discovered, 
are limited to a very small portfon of the State, covering an area of 
about 17,000 square miles. The same three divisions occur here as in 
Iowa and Missouri, and the measures are about 2,000 feet in thickness. 
In the e mea ure twenty.two different seams of coal have been found, 
varying from a few inches to 7 feet in thickness; ten of these are over a 
foot thick. In ome portions of the State the coal is mined by stripping, 
and is of uperior quality, being rich in bituminous matter, and is a 
very go d ga and blacksmithing coal, b ing free burning and contain-
ing n ulphur. The large t amounts have been mined near Fort Scott, 
h r it i v ry near the urface, but workings extend along the south-
por i n of th S te, in Cherokee and Crawford counties. In the 
latter un · bi vein ha been di covered 120 feet deep, and is now 
eing mi at that dE:ptb. The market for this coal i found iu many 
citi iu a ·tern Kan 'a and ..1. bra ka and we tern Iowa and Mi ouri. 
he r ilr al facihtie ar d. 
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In Osage county coal is mined throughout a district about 30 miles 
long by 8 or 10 wide. The vein is light, averaging about 15 to 18 inches, 
but at one place runs from 20 inches to 3 feet thick. The coal is bitu-
minous, but a little drier and lighter than the southeastern Cherokee 
coal. The mines are not deep, most of them being less than 50 feet. 
There are nearly 100 shafts in Osage county alone, and a large number 
of men find employment. This coal is marketed in the central part of 
the State, diverging in all directions from the mines, the railroads tak-
ing a large proportion . 
.At Leavenworth is found the deepest coal of the State, 712 feet from 
the surface. The vein is 22 inches thick, and extends south to Lansing, 
the location of the penitentiary, where it is worked by the convicts, 
under the authority of the State. TheRe are the only two points where 
the coal is mined, but it seems probable that the coal deposits cover a very 
large portion of the country. The coal is good, hard, with considerable 
luster, and a little inclined to be brittle. The works mining this coal 
I 
at Leavenworth are the most extensive in the State. 
In Franklin and Neosho counties thin veins of coal are found similar 
to the Osage coal. In Cloud county a vein of lignite of inferior qual-
ity is found in several places, from 20 to 60 feet from the surface, and 
averaging about 2 feet in thickness. This coal is mined chiefly for local 
use. It is found also in Ellsworth, Russell, Lincoln, and Mitchell coun-
ties. 
A very good vein of coal over 3 feet thick has recently been discov- . 
ered at Omio, Jewell county. A company has been formed which has 
put down a shaft in the vein and is preparing to do a considerable busi-
ness. 
There are but few counties in the eastern half of the State that have 
no coal. Several which have no mines of commercial importance have 
many workings which produce coal for local use, generally of inferior 
quality. 
Theproductionof coal in Kansas was largely increased last year, owing, 
in part, to the strikes in Colorado. The following figures show the 
amount of coal produced during 1869 and since 1880, the figures for 
1869 being from the census report : 
Years. 
1869. ······ ...... ••••••·•·········• .•• . 
1880 ...•...........• . .•. . .••.....•.•••. 
1881 .................................. . 
Tons. Years. 
32, 938 1882 ... . ................... . ......... . 
550, 000 1883 ................................. . 





1, JOO, 100 
In this State are found portions of two coal fields, the great Appala-
chian system passing across its eastern boundary, and the southeastern 
extremity of the Illinois :field projecting some distance across the west-
ern end of the State. Owing to this division of her coal area, Kentucky, 
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in the table showing the area of the coal fields of' the United States, 
doe not make a very prominent showing, although her entire coal area 
i 12, 71 square miles, giving her, in a comparison of the States with 
regard to their total coal area, a place above both Pennsylvania and 
Ohio. The coal field in the eaRtern or mountainous portion of the 
State, in the Appalachian system, has an area of 8,983 square miles, and 
the we tern field covers 3,888 square miles of the State's surface. The 
coal formation of Kentucky is naturally divided by the intercalation of 
two conspicuous and generally persistent sandstones into three sub-
divi ions, an upper, middle, and lower, the chief coals being found in 
the last two divisions. 
In the eastern field all of the veins which. exist in the State are no-
where found, but in the southwestern part of the western field the 
serie is complete, eighteen different beds of coal being recognizable. 
The united thickness of these eighteen beds is about 43 feet, of which 
about 13 feet are included in the lower subdivision of the measures, 
about 24 feet in the middle, and 6 feet in the upper. Of these coals the 
mo t reliable both for uniformity of thickness and extent of area are, 
counting from the lowest, Nos. 1, 9, and 11; No. 12 also often attains a 
good workable thickness. In the western field No. 1 coal ranges from 
4 to 6 feet and is a very reliable bed. No. 9 coal is also persistent 
and uniform in the western field, averaging 5 feet in thickness, and is 
probably the best coal of the series; it is excellent for grate and furnace 
and makes good coke. No. 11 coal attains its greatest thickness in Hop-
kins county. In the western field cannel coal is found, but only in local 
depo its. 
The ea tern Kentucky coal field contains coals even superior to those 
of the we tern field in quality and extent, the mineral being found in 
every county on a line between the Ohio river and the Tennessee State 
line. B ide it. bituminous coal, this field contains one of the largest 
area of cannel coal in the country. This coal is from 3 to 4 feet thick 
and of sup rior quality. 
The coal product of the State bas been rapidly increasing of late years 
and it re 'Ource are being very rapidly developed. Railroad facilities 
are improving, and while la t year transportation by river was seriously 
int rl r d with by low water, rapid extension of rail-transportation fa. 
cilitie lJa , sufficed to keep the output from being reduced in any con-
id ral>le quantity. The present Geological Survey is pushing work 
en rgeti ·ally, and the re ult of it. work will, no doubt, present very 
fully aud aecurat ly the coal re ource of the State, and will doubtless 
h cl much light on the correlation of the Coal Measures with those of 
Penn 'lvania Ohio, and We ·t Virginia. There seems to exist at pres-
ent no thoroughly r lia 1 information a to the correspondence between 
th co l y, tern of K ntncky and the States named. 
Th r p rt of progr of the ological Survey announces the dis-
in th onth a t rn part of b State of a very thick coal of 
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(Yr at purity, which has been named the Elkhorn coking coal. It bas 
b n identifi d and traced over a large area on the headwaters of the 
icr ante , Licking, Kentucky, and Cumberland rivers, where it is 
fi und to b from 8 to 9 feet thick, with conditions favorable for cheap 
mining. The quality of this coal with respect to coking is treated of 
el ewhere in this report. 




1875. •••••••••••••••· •••••••••••••••••• 
1876. •••••••••••••••·•••••••••••• •••••• 










1879 .••. ·•·••··••••••••••• .•••.••••••• 
1880 .....••••••••••••••••..••.•..••••• 
1881. ••...•••...••..••••••••.•..•••••. 
1882 .••.....•. ··••••·•·•·•••·•••·••••· 










The Cumberland (George's Creek) coal field, located in Alleghany 
county, at the westem extremity of the State, supplies an important 
portion of the semi.anthracite coal reaching the seaboard market. The 
field i about 4 miles wide along the Baltimore and Ohio railroad, where 
cut by the Savage river and the northern branch of the Potomac, and 
extends thence for some 30 miles northeast across the State of Pennsyl-
vania, decreasing in \\feadth until it dies out. This field, so limited in 
extent, is uevertheless one ·of the most important coal districts of the 
country, deriving its position from the great thickness of its coal veins 
and the purity of the fuel contained therein. The coal, which is known 
widely as Cumberland or George's Creek coal, is bituminous and of a 
superior quality. By actual survey it has been ascertained that the 
field originally contained 17,282 acres of coal, the yield being an aver-
age of 5,130 tons to the acre, a rate of production which should exhaust 
the field about the year 1900. The total thickness of the coal-contain-
ing strata in this field is about 1,400 feet, but this thickness does not 
pervade the entire area. In some places the erosion has been greater, 
and the chief vein, the "Big" or 14.foot seam, is found only in a few iso-
lated hills. The lowest seam, known as the Parker, at the northern end 
of the region, lies about 2,500 f~et below the horizon of the 14-foot vein; 
at intervals between these two are found the 6.foot seam, the 3-foot 
(Savage) eam, the 5-foot 8·inch seam, and the 5.foot 9-inch seam, the 
latter being about 850 feet below the 14.foot seam. The coal from the 
smaller veins will hardly come in use to a great extent while that from 
the greater continues to be mined at so low rate as at present, the 14-foot 
earn in particular overshadowing the others. This seam is not w-ith· 
perfect accuracy called the 14-foot seam, its real thickness being from 
8½ to 12 feet, and is often not worked to its full extent, the roof being 
insecure. Towards the northeast it becomes thinner and poorer, owing 
to a gradual increasing intermixture of slate. 
2MR--4 
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The facilitie which this region has for transporting its coal to mar-
ket have largely enhanced its commercial importance. The Baltimore 
and Ohio railroad began carrying the coal in 1842, the Chesapeake and 
Ohio canal in 1850, and the Pennsylvania State Line branch in 1872. 
The George's Creek and Cumberland railroad was completed in Decem-
ber, 1880. The total business since the beginning, in 1842, to the end of 
l 84, foots up 46,918,604 tons, divided as below: 
Carried by-
:Baltimore and Ohio railroad ......•..•...•••.•.....•...................•..•........ -... -
P~::~r::~~~~f~:1~ancb::::::::::::::::::::::: :: : : : : : : : : : :: : : : : : : : : : : :: : : : : : : : · 
Within the past ten years business has fluctuated as below : 
Maryland coal shipments since 1873. 
Years. 
1873 .•.•••••••••••••.•...•••••.••••.••..•.•••. 
1874 ..•••••••.......•..••.••••.. •••••·••••···· 
1875 ..••. .•.•••. ·••··•·•·•••••••····•··••··••· 
1870 .•••.•..•..•••.•.•.•.••.•••••••••...•..•• . 
1 77 .......................... ••••··•••••··•·· 
1878 .•••••••••.•••...••••••••••. ••••·•·••··••· 
1870 ....•. ••••••·••••• .•.••••••.••••••...•••.. 
1880 .•••. . ··············"··········· ..•..•.•.. 
1881. ....•...•.•.•.•••.•••••.••..••.•.•.•••.•. 
1882 . ........................................ . 
1883 ......................................... . 










1, 1)75, 198 
1,319,589 
1,478,502 
















































The Coal Measures of Michigan lie in an isolated basin having no con· 
nection with the coal of any other State. They are supposed to occupy 
an ar a compri ing about one-fifth of the central portion of the lower 
p nin ula. The seams of coal are inter tratified with beds of shale, beds 
of coar e, friable and tone, and clay. The entire formation has an e ti· 
mat d maximum thicknes of about 300 feet. 
The extent of the coal field i embraced in a circle with a radius of 
5 ile , having it c nt r outhea t of the village of Saint Louis, in 
r iot county, and it outbern boundary pa sing a few miles outh of 
th cit of Jack n. Over the great r portion of this wide fl Id indica-
ti n of coal ha e be n found, and in many localities some incipient 
ining ork h n n . But a limited amount of y tematic ex-
pl ri g h e n pr ecut d, and th coal seams which have been 
r ach ry fr a f win he to a maximum of 4 feet in thickne . 
b ro k d in l r Iichigan have ut few expo ures; everywhere 
th th ov r1 ing tlrift, so that actual boring is 
h ev r of in r 1 value may lie beneath the 
r I c lity. Thi operation involv(i con ider ble 
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trouble and expenditure, and, unless for a specific object, is seldom re-
sorted to. While the coal deposits probably exist over a wide field in 
Michigan, it hy no means follows that the beds are continuous, and that. 
coal may be everywhere found in workable quantity. The basins in, 
which the coal was originally laid down, unprotected by later deposits,. 
have suffered from exposure to the forces of nature during the long geo-
logical periods that have intervened. Probably the greater portion of 
the coal originally deposited in this State during the epoch of the coal 
formation was subsequently worn away and destroyed by the moving 
glaciers of the Drift period. The soft, yielding rock deposits of lower 
Michigan were eroded and swept away by the great rivers of ice that 
moved over them, to be again buried and hidden beneath the accumu-
lated drift and debris furnished by these glacier masses, and by subse-
quent geological changes. 
The consequent absence of precipices and ledges renders it difficult to 
study the strata and formations of the State. Enough has been done, 
however, to prove that in this State there are deposits of coal of neces-
sarily limited extent. So far as is known there i~ but a single workab\e 
seam, and this has only a maximum thickness of 4 feet, with an average 
of from 2½ to 3 feet. At present there are about :five mines in opera-
tion. 
Tl.te following table shows the production of coal in Michigan since 
187i; the amount produced previous to 1877 is estimated to be 350,000 
tons. 
• Years . 
1877 ..•••.•..•....•••.....•......•..... 
1878 .............•••.........•......... 
1870 ········•·· ··· ·•• ·· ••· · ·•···•···· · 
1880. ··········••••••·•·· ••. .• .••..••. 
Long tons. Years. 
69, 197 1881. ....•.....•..•.•.••••••.•••...•.. 
77,715 1882 . .•.•••..•••.••..••••..•..•. . ..•. . 
82, 015 1883 ..•...•..........•....•..••..•••.. 
130, 053 1884 .•.•••...••..•••••........•..•.... 
MISSOURI. 





A line drawn from the junction of the Des Moines river with the 
Mississippi to the southwest corner of the State will have northwest of it 
nearly all the coal territory of Missouri. An arm of this territory, how-
ever, follows the course of the Missouri river east for a short distance, and 
coal is also found in the vicinity of Saint Louis. The total coal area of the 
State is about 23,100 miles. The Coal Measures are divided into three 
parts, as in Iowa-the Upper or Barren Measures, which are exposed 
over an extent of 8,406 square miles; the Middle, over an extent of 2,000 
square miles; and the Lower, over an extent of 12,420 square miles. The 
aggregate thickness of the upper division is 137 feet, including about 
4 feet of coal in two seams of 1 foot each and a few streaks ; the 
middle division is 324 feet thick, with 7 feet of coal, including two work-
able seams of 21 and 24 inches, and a third of 1 foot worked under fa-
vorable circumstances, besides six seams of extreme thinness ; the lower 
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division is from 250 to 350 feet, embracing five workable beds varying 
from 1½ to 4½ feet in thickness, and thin seams between 6 and 11 inches, 
besides unimportant streaks, inall 13 feet 6inches. The total thickness is 
therefore nearly 1,900 feet of Coal Measures and 26 feet 6 inches of coal. 
The upper division is usually called the Barren Measures. In twenty-four 
counties coal mines are operated in good veins of workable thickness; 
in some other counties adjoining these there are coal beds worked with 
some profit, but they are not so thick and cannot be mined so econom-
ically. The mines in Bates and Vernon counties are being rapidly de-
veloped. The 1;3ates County district has ample railroad facilities, being 
traversed by four different lines, and is rapidly growing in importance, 
producing 600,000 tons last year. Extensive prospecting has developed 
large beds of fine bituminous coal at depths of 20, 40, and 80 feet, the 
upper bed being 5½, the middle 6, and the lower 7½ feet thick. The fol-
lowing analysis of Rich Hill, Bates county, coal is presented: 
Percent. 
Moisture...... . ............................... 6. 50 
Volatile matter...... . . . . . . . . • • . . . . . . . . . . . . . . . . 86. 87 
F ixed carbon . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . 52. 99 
.Ash.............. . ...... . ..................... 8.68 
100. 00 
Sulphur ... •. •. . .....•...•.......•••••........ . 2.69 
The production of coal has been as follows : 
Production of coal in MiBBouri Bince 1873. 
Years. 
1878 ...... . . ... . ..... . . . ...•... . .. .. .. . 
1874 ......... . .. . ..... . . . ...... . ... .. . . 
1875 .......... . . . ..... .. ..... . . .... ... . 
1876 ....... . ..... . .. . .. ... . ..... . . . . .. . 
1877 . ........ . . . .. .. .. . . . ... . . .. ...... . 









1879 .... ......•.... . ... . ... . .... . . .... 
1880 .. . .. .......... ... ..... . .. . ... . .. . 
1881. ..... . . . .................... . ... . 
1882 .. . ....... . ...• .. .. .•.... . . . .... .. 
1883 . .... •• •. •• ..••..•••••. ••• •• . •••. • 
1884 . ... .... . .... .. . . ....... . ... . .... . 
MO NTA NA . 
Long tona. 
900, 000 
1, 500, 000 
1, 750, 000 
2, 000, 000 
2,250,000 
2, 500, 000 
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it the characteristic lignites can readily be found. Along the line of 
the Yellowstone, at stations on the Northern Pacific railway, coal mines-
have been opened from Glendive to Sanders. In the present unsur-
veyed state of the larger portion of the Territor;r it is impossible to cor-
rectly estimate the coal area, but it seems assured that at least 25,000 
square miles of the Territory are coal bearing. The characteristic coal 
is a rather inferior lignite, but in the Judith, Bozeman, Sand Coulee, Gar-
diner, and Rock Creek fields the coal is bituminous in character and 
makes a fair coke. The principal de,elopment of tbe coal of Montana 
has been made by the Northern Pacific Coal Company, which supplies 
the fuel of the Northern Pacific railway. 
The most important and best developed field yet opened is the Boze-
man, which lies along the line of the Northern Pacific railway between 
Livingstone and Bozeman. The vein here opened is from 3½ to 4 feet 
in width, and dips at an average 45°, so that the width of the field 
available for mining does not exceed 2,000 feet.· The outcrop extends 
11 miles in length. The coal is hard and solid, with bright black color 
and brown-black streak. It breaks in good square lumps, and also, in 
other portions of the vein, into friable masses. Both varieties coke well, 
although coke mad~ from the friable portion seems to be the best. Its 
character is so good that it is now used exclusively for fuel on the North-
ern Pacific r ailway from Glendive, Montana, to Sprague, Washington. 
Its composition is indicated by the following analyses: 
No.1. No. 2. 
Per cent. Per cent. 
Water.............................. 3.0 7.0 
Volatile matter . . . . . . . . . . . . . . . . . . . . . 41. 5 34. 6 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . 43. 5 50. 5 
.A.sh • • • . • • • . • • • • • . • • • . • . • • • • . . . • • • • . 12. 0 8. 0 
100.0 100. 0 
The production of coal here began in January, 1883, when 20 tons of 
coal were mined. During the first six months of 1883, 879 tons were 
mined, and during the last half of the year 9,580 tons, a total of 10,489 
tons. During the first six months of 1884 the production was 20,814 
tons. 
The Gardiner coal field lies along the upper Yellowstone, in Gallatin 
county, and is of limited extent. There are here four seams of coal, 
only one of which is workable. The area of workable coal does not 
exceed 3 square miles. The coal makes a fair coke. Its composition is: 
Water .•.••. . ..... . ....•. , .•••..•..•...•.....•. 
Volatile matter . . . . . . . ... ....•................ . 
Fixed carbon ... . ..............•............... 
.A.sh .•......•.......• • ••......•••....••...•••• . 
Sulphur .......... . ..........•................. 
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The vein has been opened by Horr Brothers, of Gardiner, who began 
work in June, 1833. Only four men were employed during 1883, and the 
product wa 485 tons. 
Another coal field which promises to be of great importance is the 
Rock Creek field, on. tlie Crow Indian reservation. The coal field is as 
yet untouched, but the vein crops out on Rock creek, about 35 miles 
' south of Stillwater, on the Northern Pacific railroad. Some seven seams 
occur here, and the total thickness of coal exposed is over 40 feet. The 
thickest single seam is nearly 4 feet. The coal is a good bituminous 
coking coal, and from the position of the field, the slight dip, good loca-
tion, and superior quality of the coal, this promises to be one of the best 
in the Territory. There seems to be some reason to believe that this 
coal field is the continuation of the Bozeman coal, as similar veins are 
said to crop out at points farther west in the Crow reservation. The 
area of the field is about 15 square miles. 
The upper Missouri coal field occurs in Choteau and Meagher counties, 
on both sides of the Missouri river, near Fort Benton. The coal here 
occurs in rocks of the Dakota formation, and the principal outcrops are 
on the Sand Coulee and Deep creek and in the neighborhood of Great 
Fall . The vein is from 4 to 8 feet in width and dips at a slight angle. 
The coal is of the bituminous Yariety1is generally non-coking, and is valu-
able for many use . The Great Falls Coal Company has opened the 
vein on its property, comprising 80 acres of land. The mine is located 
on Deep creek or Smith river, about 55 miles from Fort Benton. The 
width of the vein worked is 7 feet, and it is developed by a tunnel 160 
feet long. The vein has not been worked steadily, nor bas any coal been 
sold except 70 ton hauled to Fort Benton, where it sold readily. The 
di tance and wait of cheap transportation have precluded any contin-
uou working of the min . The coal is of excellent quality, burning 
freely and leaving but little a h, and cokes well. The vein is free from 
bone and slate and has a sand tone roof. It is easily worked. Near 
Anaconda a vein of coal has been opened by Mr. F . .A.. Barrett, but ex-
ploration has not yet extended far enough to determine the width of 
the vein or the extent of the field. A rough preliminary analysis 
showed: 
Po,oont I 
I Volatile matter anti wauir. .... .. . . .. . . . . •. . . . . 45. 09 
F ixed car bon. ...... ..... . • . . . . . • • • . . . . . . . . . . . . 45. 77 
I 
h (reddi h y llow) . . . . . . . . . . . . . . . . . . . . . . . • . . 7. 37 




14 feet thick, although it is frequently separated by partings into two 
or three seams. Where separated, the smallest seam is 4 feet wide and 
the widest 6 feet, and generally aggregates a little greater width than 
where the vein is solid. The coal has a jointed structure and comes 
down in large blocks. It is much better tban the lignites found further 
east, but carries much sulphur, the cleavage and bedding planes contain-
ing considerable quantities of iron pyrites. The coal has not yet been 
mined to any extent. but the well.defined outcrop around the entire :field 
a:fford8 data for a very close approximation of the amount of coal avail-
able for mining. The area of the :field is about 60 square miles, and it 
-0ontains about 400,000,000 tons of available coal. Most of the outcrop 
is located, and a large portion of the field is controlled by the Northern 
Pacific Coal Company. 
The Judith coal field is situated on both sides of the Judith river, 
nearly north of the Bozeman :field. The explored area of the :field is 
about 12 square miles in extent. The coal occurs in the Dakota rocks 
and in two veins, one 2 feet and the other from 4 to 6 feet in width. 
The coal is bituminous, but, so far as explorations have gone, does not 
-coke. The field is of large extent and the veins easily worked, but there 
bas been no <levelopment. · 
Besides these :fields described ·in western and central Montana, coal 
is known to occur in various other localities, but lack of verification 
renders the statements too valueless to be quoted. 
The eastern coal field is of great extent, but has not been opened ex. 
-cept at various points along the line of the Northern Pacific railway, 
where coal has been mined for quite a number of years, notably at the 
Lignite mines at Lignite. 
The following figures give the production of the Lignite and Bozeman 
mines for 1884. : 
Production of coal at the Lignite and Bozwian -mines, in Montana, for 1884. 
Lignite Bozeman 
mine. mine. 
Short tons. Short ton11. 
January 1 to September 1 (actual output)..................................... 12, 221 25, 658 
September 1 to J'anua.ry 1 (estimated)......................................... 4,000 12,000 
Total .................................................................. . 16,221 37,658 
NEBRASKA. 
The southwestern corner of Nebraska is covered by a portion of the 
Missouri coal field, the area being 3,600 square miles. The outcrops 
belong entirely to the upper of the three divisions of Iowa and Missouri, 
and the general opinion seems to be that no good workable beds of coal 
are likely to be fout;td, at least near the surface. Beds of the thickness 
of 6, 11, 15, and 22 inches are reported from different counties. The 
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coal i usually inferior, but may be used in the neighborhood to some 
ad vantage in the ab ence of all other fuel. 
A test well wa recently bored by the citizens of Brownsville, Nemaha 
ounty, which brought to light some interesting information. The bor-
ing wa begun at an elevation of 919 feet above sea level, and was car-
ried to a depth of 1,000 feet. The drill penetrated the Lower Coal Meas-
ures, but did not pass through them. 1hese measures are those which 
are productive in Iowa and the States farther east, and it might be ex-
pected that coal would be found in them. The only seam found in 
these measures, however, was one of bituminous coal of fair quality, 30 
inche in thickness, at a depth of 820 feet. Above this 30-inch seam 
three others were found, of 8, 14, and 10 inches in thickness, respect-
ively, and all evidently belonging to the Upper Measures. It seems 
que tionablewhether the 30-inch vein will ever prove of practical value, 
but the nature of the country and the distance from other coal supply 
will go far towards inducing attempts to utilize it. 
NEW MEXICO 
In New Mexico coal is fou"Qd in Colfax, Sante Fe, Rio Arriba, So. 
corro, Bernalillo, Valencia, and Dona Ana counties, in beds from 1 to 
14 feet in thickness. The New Mexican coals range through all varie-
tie from brown coal to anthracite. The most important fields yet 
open d are tho e in Colfax county at Raton, which embrace an area of 
about 6 0,000 acres, the product being a lignite which varies greatly in 
quality. The following analyses were made from specimens taken near 
the surface : 
Moistnr ......... ..... .... •.........•......•...•............••... 
Vol tile matter ...........•.••...••..•........................... 
Fixed carbon ....... .....•••...••.....••..••..••................. . 
.Ah .......•••......•..•...••..••.•••.•••..••.•...•...•...•..••.•. 




















<ler of the year produced 21,000 tons of coal. In 188~ the output was 
91,798 tons, and in 1883, 117,977 tons. Large .numbers of coal beds are 
found in Colfax county, their number being estimated to be about thirty-
:fi.ve, ome of which are from 7 to 8 feet in thickness; but their remote-
ne s from the railway renders them without value for the present. 
The anthracite and bituminous :fields of Santa Fe county cover an 
area. of at least 15,000 acres, a considerable proportion of which is under-
laid by four distinct veins of anthracite coal, varying from 2 to 4 feet 
in width. The coal beds are found between the Rio Galisteo and the 
Rio Santa Fe, and are about 25 miles southwest of Santa Fe, and not 
very far from Cerillos station, on the Atchison, Topeka and Santa Fe 
railroad. They are known as the Los Cerillos beds. The coal is hard, 
den e, and of brilliant luster, and is said to be," so far as its application 
for all practical purposes is concerned, fully equal to the best Pennsyl-
vania anthracite." Its composition is shown by the following· analysis: 
Percent. 
Water......................................... 2.90 
Volatile matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 18 
Fixed carbon.. . ............................... 88. 71 
Ash.......................................... . 5.21 
100. 00 
The vein now being worked is the next to the lowest, is 3 feet in width, 
and from it about 500 tons of good coal were taken in 1882 and shipped 
to Santa Fe, Albuquerque, and Las Vegas. 
About 2 miles west from the anthracite vein now being worked are 
the bituminous coal mines. Here seventeen veins of coal are exposed, 
the one on which work is prosecuted being about 4½ feet in width. The 
coal is remarkably free burning, and about 10,000 tons have been mined 
to January 1, 1884. 
The coal :field of Rio Arriba county is opened at Monero, and is an 
extension of the La Plata County (Colorado) deposit. The veins here 
are very wide, and have been developed to some extent since the com-
pletion of the Durango branch of the Denver and Rio Grande railroad, 
furnishing the principal supply of fuel for that branch. The coal is in 
every respect similar to that from the Peacock mine at Durango, and 
cokes satisfactorily. In 1882 some 12,000 tons were produced. 
In Bernalillo county brown coal is extremely abundant, the known 
area comprising almost the entire western portion of the county. The 
principal developments are at Gallup and Defiance, and the mines are 
owned by the Atlantic and Pacific Railroad Company, the fuel supply 
for the road coming entirely from this locality. In the Tijeras canon 
one vein 9 feet thick is exposed, while along the canons of the upper 
Rio Puerco veins of brown coal from 4 to 8 feet in thickness are every-
where exposed. The distance of these beds from a market has prevented 
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their developme~t, but the Atlantic and Pacific Railroad Company is 
now rapidly opening them up. The product of the mines at Gallup 
from March 20 to December 31, 1882, was 33,373 tons, of which 30,705 
ton were used by the railroad and 2,668 tons were shipped for com-
mercial use. The average number of men employed at Gallup is 220. 
Near Silver City, Grant county, there is a bed of moderate extent 
which produces a massive, compact, very hard, and non-intumescent 
coal of the semi·anthracite variety. Its composition is: 
Water . ............... .. ................... . 
Volatile matter . . . . . . . .....•................ 
Fixed carbon .............................. . 
Ash ........................................ . 






It has not yet been developed to any extent. 
The coal area in the vicinity of San Antonio, Socorro county, is of 
considerable extent, but has not yet been fully explored. The field now 
being worked embraces about 960 acres, and others of unknown value 
and extent are known to exist a little further north. Tlie mines here 
are operated by the San Pedro Coal and Coking Company, for the 
Atchi on, Topeka and Santa Fe railway. The coal vein is 6 feet thick, 
and the product is an excellent coking coal, which contains les~ than 5 
per cent. of a h. The intention of the company is to convert the entire 
output into coke. The coke is used by the Billings smelter at Socorro, 
and i also shipped largely to other New Mexican points and to Ari-
zona and Mexico. In 1882 the product of coal amounted to 16,321 tons, 
and in 1883 to 37,966 tons. 
The ew Mexican coal compare favorably with those found further 
north, and only a comparatively small proportion of the Territory is 
known to becoal-bearing. With further and more thorough exploration 
other and good bed will probably be found. 
Tll product of the Territory wa as follows: 
Coal producti-On of New Mexico in 1882, 1883, and 1884. 
---'-'------"----Lo-c_all_'ti_·ea_. _ _ _ _____ , __ 1ss_2_. - l:--18-83_. _I 1884. (al 
. Short tons. Short W11a. I Short tons. 
nair:/rtrJ\:::::: :: : :: : : :: : : : :: : : : : ::: :::::: :: :::::: ::: : : : : :: : :~: i~: 1!~: gi~ 1~~: ~~~ 
Linn cf.Ji~~~·._:_:.:_:_:.::.:_:.:_:.::.::_:_:.:::::_:_:::::_:.:.:_:::_:_:_:_:_:_::_::::·:·:·::::: :t m :~: ~~ :t ~~ , ____ , ____ . ___ _ 




a Th output for December is e8tima d. 
tated to be 500 tons daily, of 
an nt nio about 250, and of the 
Cerillo fielcl i yet pra tically un-
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developed. About 600 men are employed in the mines, and about 93 
per cent. of their product is consumed by the railways. 
Placing the value of these coals at $3 per ton, the value of th'3 prod-
uct of the Territory during the past three years would be: 
Years. 
1882 ···························· ............................................... ············ 
1883 ...................................................................................... . 
1884 · ················ ................... ·························· ....................... . 





It has long been known that there are large deposits of good coal in 
Stokes county, but owing to lack of transportation facilities the beds 
have never been mined to any extent, except during the war, when the 
coal produced acquired a high reputation. The coal is semi.bituminous. 
The surface indications commence about 4 miles west of Walnut Grove 
and extend in an easterly direction down the Town fork and the Dan 
river for a distance of 30 miles. Near Walnut Grove the .outcropping 
shows fourteen beds at a distance of from 30 to 50 feet apart, the dip 
being about 45°. One vein contains coal very much resembling an-
thracite. There is some sulphur in the surface vein, but it cokes well. 
There have been a few small shafts sunk near Stokesburg, but none 
deeper than 15 feet, one of them striking a solid vein of coal at this 
depth 6 feet thick. Some of the veins contain shale partings, but with 
these often show from 2 to 4 feet of clear coal. Two analyses by Dr. 
Genth of samples of different seams gave respectively 75.96 and 76.56 
per cent. of fixed carbon and 11.44 and 13.56 per cent. of ash, the vola-
tile matter being about 12 per cent. in each. 
OHIO. 
The Coal Measures of Ohio are a part of the Appalachian coal field, 
the northwestern prolongation of tb.is great field underlying the eastern 
aud southeastern portion of the State. Speaking comparatively, over 
one.fourth of the State is underlaid with coal-bearing strata, the area 
so occupied being estimated at from 10,000 to 12,000 square miles. Ohio, 
therefore, has the third place as to size of coal field among the eight 
States included in the Appalachian system. According to the nomen-
clature which most generally obtains m Pennsylvania as to the strati-
graphical order of the several veins of coal-that of Prof. H. D. Rogers-
the formations in which coal is found in the Ohio are four-the Sera! 
(Pottsville) Conglomerate, the Lower Coal Measures, the Lower Barren 
Measures and the Upper Coal Measures. There is, however, some dissent 
to this classification of the Coal Measures of western Pennsylvania and 
Ohio as to the fir t two subdivisions. Considering the strata of the terri-
tory named, the division into Conglomerate and Lower Measures appears 
decidedly arbitrary, and the classification seems only to have been made 
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through the supposed establishment of equivalency between the varied 
seams of these measures in western Pennsylvania and the great Potts-
ville Conglomerate of eastern Pennsylvania. In point of fact, there is 
in Ohio no more marked separation between the highest coal seam of the 
Conglomerate series and the lowest of the Productive Measures thaP 
can be found between any two coals of the latter division ; and, witb 
the sanction of Professors Newberry and Lesley, while accepting th£ 
identification referred to as a matter of geological history, the subdivis· 
ions may be considered as three-the Lower Coal, the Lower Barrenj 
and the Upper Coal Measures. 
The Lower Coal Measures are most widely distributed in Ohio. An 
imaginary line drawn from the Pennsylvania boundary in Trumbull 
county northwestwardly to near Lake Erie, and thence southwest by 
south to the Ohio river in Scioto county, will roughly indicate the 
northern and western boundaries of these measures, the entire portion 
of the State between the line and the Ohio river, the eastern and south- · 
ern boundary of the State, being underlaid with coal -bearing strata. The 
Lower Measures have an average thickness of about 500 feet. Twelve 
seams of coal occur in these measures, all of which have, with more or 
less certainty, been identified with the seams of the corresponding meas-
ures in Pennsylvania, the nomenclature of which State will be used in 
discussing them. The most important veins are the Sharon, the Brook 
ville, the Lower Kittanning, the Middle Kittanning, and the Upper Free 
port seams. 
The Sharon coal, occurring in the so-called Conglomerate, is mined 
in the seven counties which constitute the northeastern corner of the 
coal field of Ohio, and also seems to be the coal which is mined in 
Jackson county. This seam has long been considered one of the most 
important veins in the State, and has been very largely used as a blast-
furnace fuel. It is unfortunately very uncertain as to quantity, ranging 
ometime from 6 to 7 feet thick, and frequently thinning out and en-
tirely disappearing; and also as to purity, many gradations in quality 
being found, often in clo e proximity. The Sharon seam has its best 
elev lopment in the Mahoning valley, where it receives the name of 
block coaJ, being very compact, and, when mined with skill, making 
very little slack. It is also known here as the Brier Hill coal. Th(, 
1:ahoning Valley deposit are being rapidly exhausted, a~d, owing t.( 
competition, no longer command as high a price as formerly. The fol 
lowing i an analysis of this coal: 
Moiature ..................................... . 
Volatile combll8tible matter . . ... .. ...... .... . 
Fixed carbon ................................. . 










In Summit, Stark, Medina, and Wayne counties, collectively calJed 
the Massillon district, the Sharon coal is largely mined, and has here 
less of the block character and is more bituminous. It analyzes as fol-
lows: 
No. I. No. 2. 
Per cent. Per cent. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 95 4. 10 
Volatile combustible matter........ 32. 38 32. 90 
Fixed carbon....................... 57. 49 61. 40 
.Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 18 1. 60 
100. 00 100. 00 
Sulphur............................ .88 
Specific gravity..................... 1. 247 
1. 07 
1.250 
In Jackson county this seam is mined largely for iron-smelting pur-
poses, and the coal resembles the Mahoning Valley block coal. Analy-
ses show a coal low in sulphur and high in carbon, but with consider-
able moisture. 
The Brookville seam is quite widely spread throughout the State, 
and is mined, though principally for local consumption, in some seven 
or eight counties, receiving in Stark county, where it is at its best, the 
title of gray limestone coal, from the thick stratum of that nature 
which overlies it. The following analysis shows its composition: 
Percent. 
Moisture.................. . ................... 7. 00 
Volatile combustible matter.................. . 30. 80 
Fixed carbon.................................. 59. 50 
Ash........................................... 2. 70 
.• 
Sulphur ...... .. ....................•.......... 
100. 00 
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The Lower Kittanning vein is one of the most important seams of 
the State. It is found in great purity as the Le.etonia coal in Colum-
biana county, where it is coked for blast-furnace use. It thins some-
what in Stark county, but regains its volume and is mined at Mineral 
Point, Tuscarawas county, in Muskingum and Perry counties, and in 
large quantities in Lawrence county. It is, however, somewhat over-
shadowed by the _Middle Kittanning coal, which lies from 20 to 50 feet 
above it, the continuance of the two veins being very steady and persist-
ent. 
The Middle Kittanning is doubtless the most important coal seam in 
the State. Although traceable from Columbiana county westward and 
southward, it does not attain its greatest importance until in the vicin-
ity of New Lexington, Perry county. From this place southward it 
acquires much greater volume, and becomes the " Great vein" of the 
Rocking valley, being also widely known as Straitsville and Nelsonville 
coal. In Perry county a c_hange in the composition of the coal also oc-
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curs. Hitherto it is a moderately cementing, red-ash coal; but in the 
neighborhood of New Lexington, simultaneously with its increase in 
volume, it changes to a white-ash, open-burning coal. These latter 
characteristics it retains throughout its entire southward extension, al-
though varying somewhat in volume. The following figures show the 
result obtained by averaging the analyses of ten specimens of coal ob-
tained from as many different mines in the'~ Great vein" of the Hock-
ing valley: 
Per cent. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 98 
Volatile combustible matter....... . . . . . . . . . . . . 36. 48 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52. 41 
Ash........................................... 5.13 
lOfl. 00 
Sulphur .......................•............... 1. 09 
The following are the two analyses of the t'en which present reHpect-
ively the best and the poorest showing: 
No.1. No. 2. 
Per cent. Per cent. 
Moisture . • . . . • • . . . • •. . . . . . . . . . . . . . . 6. 62 5. 38 
Volatile combustible matter....... . 36. 40 37. 58 
Fixed carl>on..... ....... . .. . . . . . .. . 54.17 51. 2L 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 81 5. 83 
100. 00 100. 00 
Sulphur .........• ....... . ..... ...... .51 1.94 
These :figures show that the coal of the " Great vein" is remarkably 
steady in composition. It is highly esteemed as a blast-furnace and 
steam coal, and may safely be said to be second in value to the Mahon-
ing Valley block coa,l alone. 
The Upper Freeport seam stands second in importance among the 
coal seams of the State. It is the basis of three well.developed and 
important fields-Salineville, Sherrodsville, and Cambridge. It is mined 
to a considerable extent in Muskingum, Perry, .and Athens counties, 
and is as yet undeveloped in what appears to be one of its most promis-
ing basins, the Waterloo di trict of Gallia and Lawrence counties. It 
is a moderately coking coal, sometimes high in sulphur, but in its best 
phases highly valued as a steam coal. The composition of the '' Big 
vein" coal at Salineville, Columbiana county, is shown below: 
Per cent. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 32 
Volatile matter . . • . . . • . . . . . . . • . . • • . . • • . . . • . . . . • . 30. 08 
l!'ixed carbon.................................. . . 52. 78 
Aab.... .. .................................. . .... 5.82 
100. 00 
I 
I Sulphur ...•....•..••...•......••••.. ·····: ..•... 2.88 
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The strata lying between the massive Mahoning sandstone, which 
overlies the Upper Freeport coal, and the great Pittsburgh coal seam 
have received the name of the Lower Barren Measures. The name is 
especially apt when applied to the strata as they are disclosed in Ohio. 
The Lower Barren Measures consist of alternations of sandstone, shale, 
and limestone, to the thickness of about 400 to 500 feet, intercalated 
with streaks of coal which but rarely become of workable thickness. 
In northeastern Ohio these measures retain this character for a long 
distance westward. The only workable vein of coal in these measures 
ju this division of the State is the Salineville strip vein, in Columbiana 
county; and even this vein is claimed by Professor Newberry for the 
Lower Coal Measures. As, however, its place is plainly above the Ma-
honing sandstone, the accepted foundation of the Low.er Barren Mea,a-
ures, it seems rightfully to belong to the latter subdivision. Its com-
position is shown by the following analysis : 
Per cent. 
Moisturo ..... . . . . . . . ...... ...... .... . . ..... . . . 1. 70 
Volatile combustible matter. . . . . . . . . . . . . . . . . . . 34. 30 
F ixed carbon . ..... . ................ . .. . ....... 59. 50 
Ash... . .. . ............. . ...... . .............. . 4. 50 
100. 00 
Sulphur . . . .... . ........ _. ...... . . . .. ·: ··· . . ... . 1. 62 
In central and southern Ohio, however, the Lower Barren Measures 
are Jess barren. Several beds of coal of sufficient size to be worked re-
muneratively occur, but are comparatively small and very uncertain. 
In Carroll, Muskingum, and Guernsey counties coal is found in these 
measures, and in the former county one of the beds is mined in several 
places, receiving the name of Harlem coal. In Jefferson county two 
seams of cannel coal are found, but are of poor quality and are local. 
The Upper Coal Measures have for their base the well.known Pitts-
burgh seam, and are chiefly important, from our standpoint, as conta,ining 
this valuable bed. The Pittsburgh seam exhibits two line;B of outcrop in 
Ohio. Entering the State in Jefferson county, one of these Jines passes 
down the Ohio River valley, and from Steubenville to Bellaire is mined 
almost continuously, the thickness between these two points varying 
from 5 to 9 feet, and the quality· being generally excellent. The follow-
ing analyses show the composition of the Pittsburgh seam along the 
Ohio river, the specimen in No. 1 being from Jefferson county and that 
in No. 2 from Belmont county: 
,---------------------:-----:------
1 No. 1. No. 2. 
Per cent. Per cent. 
I 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 45 1. 00 
Volatile combustible matter .. . . . . . . 36. 35 34. 20 
F ixed carbon . . . . . . . . . • . . . . . . . . . • • . . 57. 95 59. 40 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 25 5. 40 
100. 00 100. 00 
Sulphur······· · ········--~·-·· ··· · 2.72 
Specific gravity..................... 1. 302 
~- 63 
1. 290 
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Below Bellaire the dip is rapid, and the seam passes to a great depth 
below the level of the Ohio river. Returning to the starting point in 
Jeffer on county, the second line of outcrop passes through the State 
in a tortuous but generally southwestward direction. The following 
countie are crossed by this line: Jefferson, Rarrison, Belmont, Guern-
Y, Muskingum, Morgan, Athens, and Meigs. In the last county the 
line reaches and crosses the Ohio river into West Virginia. In Mus-
kingum county the seam is quite thin, but in Morgan and Athens coun-
ties ranges from 5 to 9 feet in thickness, and attains great importance 
at Pomeroy, Meigs county, on the Ohio river, where it is very largely 
mined, being widely known by the title of Pomeroy coal. It is very 
highly esteemed as both a steam and mill coal. The following analy-
ses, though fairly typical, show a considerable variation in the amount 
of sulphur-No. 1, of a sample from Athens county, exhibiting a very 
high percentage, while No. 2, from Pomeroy, is very low in this respect: 
,-----------1--N-o._1_. ,~ 
Per cent. Per cent. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 70 4. 10 
Volatile combustible matter........ 35. 30 33. 90 
Fixed carbon................. .. .. . . 65. 05 56.10 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 95 6. 90 
100. 00 100. 00 
Sulphur . . . . . . . . . . . . . . . . . . . . . • . . . . . . 5. 24 




ing the Colum bu and Hocking Coal and Iron Company-the syndicate, 
a it wa generally known-and the Coal Exchange to withdraw it. 
On .May 1 a general convention of the miners of the district was held, 
and it wa resolved to indefinitely postpone the consideration of the 
yndicate's propo ition. Relations between the miners and operators 
gradually became somewhat strained, and on June 20 the syndicate 
and the Uoal Exchange formally announced that the price paid for 
mining wa reduced to 60 cents. The mines being idle, the miners 
could take no action except to persist in stating that they could accept 
no uch reduction. Finally, on July 5 the two corporations issued a 
notice to the effect that their offer of 60 cents was withdrawn, and on 
July 12 the miners were paid off and ordered to remove their tools from 
the mines. Three thousand men were thus thrown out of work. 
Then began a series of depredations made by the miners on the prop-
erty of the corporations. The latter began to import labor to work · 
the mines, and were compelled to guard their new hands by employing 
a force of detectives and others. These guards were several times at-
tacked by the strikers, and property of the corporations was burned 
and destroyed, the latter being eventually compelled to ask that the 
militia be called out. This was done September 2. The militia were 
stationed at several places throughout the region, and remained in serv-
ice for a month. Many of the strikers left the valley, and several mines 
in the district which were paying the price demanded by the miners 
employed many of them, and these miners contributed liberally of their 
earnings to the aid of the strikers. Contributions of food and money 
from other miuing districts, from trades unions, and the general public, 
ah,o came in largely, and commissaries were established throughout the 
valley, where weekly rations were served out to the strikers. Seldom, 
if ever, in the history of strikes, has such thorough organization exis ed 
on both sides, and such firm determination to succeed. At present the 
Columbus and Hocking Coal and Iron Company is paying the miners 
employed in its miues 50 cents a ton, while at most of the other mines 
-4:0 cent prevails, many miners who struck last year against the reduc-
tion from 70 to 60 cents now working at this price. In the S~nday 
Creek valley the 40 cent rate also prevails. 
Two other strikes of importance took place in Ohio during 1884. One 
at Dell Roy, in Carroll county, was caused by a proposed reduction o • .. 
13 cents in the price of mining, and, after a strong re~istance of six 
months, was ended by the miners accepting the reducti\1n. An inter-
e 'ting outgrowth of this strike, but immediately caused hy a reduction 
of wages in some mines near by, was the organization of ct.irtain miners 
into coa,1-mining companies. Two were formed, and are ,1ow working 
mines upon leased property. The other strike, occasioned mainly by 
the reduction in the Hocking valley, took place in the Coalton and 
Wellston district, in Jackson county, and lasted about a month. It was 
ended by an amicable agreement. 
2MR--5 
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Comparison with the figures of production given in the first volume 
of this series will show a slight difference between them and the figures 
given below. These for the years previous to 1883 are the estimates 
made by Mr . .Andrew Roy, late mine inspector of Ohio, in the absence 
of exact figures, and for the years 1883 and 1884 are the production as 
compiled by the present mine inspector. The facilities for collecting 
statistics of production are now such that the reports _of the mine in-
spector must necessarily be quite accurate. 
Production of coal in Okio. 
Years. Long tons. 
1872. .. . . . .•. . . . . .• . . . . . . . . . . ••• • . . . . . . 5,815,294 
1873. . . . . . . . . . . . . . . . . . . . . . . • . • . . • . . . . . . 5, 450, 028 
1874 ............ ······ ......... . . .•.... 3,267,585 
1875.... .... .•.•........... .. . . . . .•••.. 4, 864, 259 
1876. .•• •• . . . . . . . . . . .. . . . . . . . . • . . . •• . . . 3,500, 000 
1877. . . . . . . . . . . • • . . . . . • . . . . • • . . . . . . . . . . 5, 250, 000 
1878.... ..... .• . . . . . . . . . . . .• . . . . . . . . . . . 5,500,000 
Yea.re. 
1879 .•.... ·•·•··••••·•··•••··••·····•· 
1880 .......••...•..•....••••••........ 
1881. ..............••.......•.•....... 











The coal mines in Oregon are mainly located on Coos bay, on the 
we tern coast of the State, about 100 miles north of the California 
boundary and 40 miles north of Cape Blanco. The Coos Bay coal field 
cover several hundred square miles of territory, stretching from the 
Umpqua river on the north to points beyond the Coquille river on the 
south, and extending back from the coast from 15 to 20 miles. The 
country is covered with a heavy growth of timber. The field can be 
worked profitably only where the coal is of good quality, favorably sit· 
uated for cheap mining, and very close to navigable waters. The vein 
wqrked at the Southport mine, on Coos bay, is from 4 feet 6 inches to 
5 feet thick. The price paid for mining this seam is 87 ½ cents a cubic 
yard, the miners being furnished with tools, but boarding themselves. 
The following analy es are given : 
Coos bay. Astoria. 
Per cent. Per cent. 
Water . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 20. 00 2. 56 
Volatile matter... .................. 32. 59 46. 29 
Fixed carbon . . . . • • . . • . . . . . • • . . . . . • . 41. 98 48. 49 
Ash............................... . 5.34 2.74 
oo. 91 I 100. 08 
PENNSYLVANIA-ANTHRACITE. (a) 
Of comparatively in ignifi.cant extent, the anthracite coal basins 
ar witho t d u t the mo t important, commercially speaking, in the 
countr. . h chi f ti Id are four in number, and are contained in 
a · o.l 
minio , th· 
. f. Chance on the technology of anthracite coal 
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mo 't part in the counties of Lackawanna, Luzerne, Carbon, Schuylkill, 
. iolumbia, Northumberland, and Dauphin. Susquehanna, Wayne, Leb-
anon, and Sullivan counties also contain small areas, that in the l.:1,tter 
being a detached deposit, known as the Loyalsock field, which produces 
anthracite di:fferentin 'character from that produced in the main fields. 
The chief fields, with their respective areas, are as follows: 
Fields. ~~~:r:-mn:·., 
Northern field . . . . . . . . . . . .... . ........... . 
Eastern middle or Lehigh field .. .. ....... . 




Southern field ..................... . ...... . 14i.5 1 
468. 51 
It would not be possible to give any detailed description of the vari-
ous beds as they appear in different parts of the region. The beds 
themselves have by no means been traced throughout the dh:1trict, the 
peculiar position of the strata, the variation in the thickness of the beds, 
and the inconsistency which has generally prevailed in naming them 
presenting serious obstacles. The several fields must therefore be 
treated separately. 
Northern jield.-The northern field is contained, with the exception of 
the extreme northeastern end, in the counties of Lackawanna and Lu-
zerne, The northeastern half, drained by the Lackawanna river, is gen-
erally known as the Lackawanna basin, and the southwestern half, 
through which the North branch of the Susquehanna river flows, is 
known as the Wyoming basin. 
The general geological structure of this field is that of a broad syncli-
nal with comparatively low dips. The deepest part of the field is in the 
southwestern end, where the red-ash coal bed, which is the lowest bed 
which has been proved here of workable thickness, occurs about 1,100 
feet vertically below the surface. 
In the vicinity of Oarbondale there are 300 feet of Coal Measures, 
containing six individual coal beds, with an aggregate thickness of 26 
feet. At Scranton, farther to the southwest, the Ooal Measures are 700 
feet thick, and contain eleven coal beds, with an aggregate thickness of 
72 feet. In the vicinity of Wilkes-Barre there are 1,000 feet of Coal 
Measures, containing thirteen coal beds, having an aggregate thickness 
of 94 feet, and near Nanticoke over 1,000 feet of Ooal Measures, with 
fifteen beds, aggregating 102 feet in thickness. The coal-bed thicknesses 
include, of course, slate and bony coal, which are intercalated with the 
different coal benches of the individual beds, so that the thickness as-
. igned to the beds does not represent the actual thickness of coal which 
can be mined and sent to market. 
Eastern middle jield.-Tlle eastern middle or Lehigh coal field is rpn-
taiued mostly in the southern part of Luzerne and northern part of 
Carbon counties. The principal basins contained in it are thE: upper 
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Lebigh, Black Creek, West Cross Creek, Hazleton, and Beaver Meado;N" 
ba io . They are narrow and comparatively shallow as compared with 
the other anthracite basins. The deepest parts of the Black Creek and 
We t Cross Creek basins contain about 500 feet of Coal Measures above 
the lowe t bed, with about 75 feet of coHl, divided into eight different 
bed. 
The Hazleton basin contains about 700 feet of strata above the lowest 
coal b~<l, and there are about the same number of beds, with an average 
thickne s po sibly a little greater than in tile former basin. At one 
point in the Black Creek basin the Mammoth bed is bet-ween 60 and 90 
feet thick over a large area where the coal hed is worked. · 
Western middle jield.-This is contained in the counties of Schuylkill, 
Columbia, and Northumberland. The geological structure of this field 
is somewhat different from that of either the northern or the Lehigh 
field. .Although the outline of the bottom of the Coal Measures is con-
tinuous around the entire field, as it is in the northern field, yet it is 
broken up into a number of independent basins by prominent anticlinals, 
a in the Lehigh field, but which do not separate the district into isolated 
area underlaid by the Coal Measures, as in the Lehigh. The dip of the 
coal in this :field is generally much greater than in the northern field, 
while it may be considered to be nearly the same as the average dip of 
the Lehigh field. In the eastern half of this district there is a thick-
ne of about 1,000 feet of Coal Measures over the Buck mountain, which 
i the lowest bed exploited, and which probably corresponds to the red-
a ·h bed of the northern field. The total average thickness of all the 
coal bed here is probably about 110 feet, divided into thirteen individ-
ual bed . In the vicinity of Shenandoah, the Mammoth bed measures 
over 100 feet in thicknes . In the western half of this field there is a 
thickne of about 1,600 feet of Coal Measures above the Lower Lykens 
Valley bed, which may probably here prove workable. There is here 
au average thickne of about 120 feet of coal, contained in sixteen 
cliff rent bed . 
Southern field.-The southern coal field lies in the counties of Carbon 
cht;t lkill, and Dauphin, with a small area in Lebanon. The eastern 
portion of tbe :ti ld, between the Lehigh and the Little Schuylkill rivers, 
i known as the Panther Creek ba in, and has always been included in 
th L high fl Id, from the fact that most of the coal which has been 
min from it ha been hipped down the Lehigh river. That portion 
of h :fi Id we t of the Little Schuylkill river is generally known as the 
cbuylkill coal ft ld. Mor recently the same name has been applied 
t th w t rn id le :field, although not half of this latter field lies in 
·huylkill on h u1k of b coal, however, which is mined from 
it ha en bi p thr ugh th Schuylkill valley. The deepest ba. in 
i th r gi n ar c ntain d in tbi field. ln many ca es the individual 
r a r than th . of the we tern middle or eastern mid-
dl fi l ; n u ntl th hi b t dip are found in the southern field. 
t Tam, ua, which i on the Little cbuylkill river, near the eastern 
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nd f the field, there j a thicknes of Coal Measures of 2,300 feet, 
whi •h contain d twenty-one coal beds, with an aggregate thickness of 
1~6 f t, although, a has been stated, one of the beds, the Mammoth, 
i , 114 feet thick a hort distance east of Tamaqua. In the vicinity of 
tt ville there are about 3,300 feet of Ooal Measures, which contain 
wenty-eight individual beds, with an aggregate average thickness of 
154 fe t. 
Thickne ·s and contents of the measures.-T.te aggregate thickness as-
jo·n d to the Coal Measure in the northern fieid is that determined 
near the center of the basin, where the strata are frequently nearly 
h rizontal for several hundred feet, so that the thickness of the strata 
r pr ent the depth of the coal basin. In the other three fields, how-
mTer, on account of the teepness of the dip of the strata and the sharp-
ne of the bottom of the basins, their depth is much greater than the 
thicknes assigned to the strata. For instan~e, at Tamaqua, which may 
b onsidered a fair illustration, there are 2,300 feet of Coal Measures 
above the lowest coal bed; this bed, however, in the center of the Tama-
qua ba in, i 2,800 feet vertically below the surface of the ground. 
A number of estimates havA been made as to the total contents of 
the anthracite basin and their probable life. These have been baseo. 
upon very general, and in many cases questionable, data, so that noth-
ing i certainly known, from a systematic examination of the entire 
r gion, a to what the total contents are. Estimates will, however, be 
made by the State Geological Survey before the completion of the work. 
They have already been completed for the Panther Creek basin, whose 
area, as has been already noted, is 12.5 square miles. This basin origi-
nally contained 1,032,997,000 long tons. The area which had been ex-
hau ted, and was under exploitation at the end of 1882, originally con-
tained 92,189,000 tons. Out of this area there have been taken 
54,116,000 tons. 
Anthracite analyses.-The following table of analyses of Pennsylvania 
anthracite has been prepared by Mr. Ashburner: 
AnalyBes of PennBylvania anthracite. 
Eastern middle Western middle field. Southern field. Northern field. field. 
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1 ,0 
,g 'd -~ 'd .0 rd 'd l 1 q) ~ q) ~ q) Q) ,0 .0 ~ .0 .0 ,0 ~ ,0 i ~ .._. = Q) 0 0 Q) ~ ~ s 0 <ti 0 ~ ,S <ti 0 a 0 a ~ 0 a a :. "" ..bl "" 
,Q ~ 8 ~ " .~ ~ ~ ~ ·i:: ;:I t ~ ~ ~ ~ w. p.. ~ ::;:i 
----- - ---------
Per ct. Per ct. Peret. Pe!r ct. Per ct. Per ct. Per ct. Per ct. Per ct. 
Water.---····-· · ········ 3. 713 4.119 3. 541 3.163 3. 042 3.410 3.008 3. 087 3.421 
Volatile matter. --...... . 3. 080 3. 084 3. 716 3. 717 3. 949 3. 978 4.125 4. 275 4.381 
Fixed carbon ... .. .... . .. 86. 404 86. 379 81.590 81. 143 82. 662 80. 868 87. 982 83. 813 83. 268 
Sulphur . .. . .. .. .... . .. .. . 585 . 496 . 499 . 899 . 462 . 512 I . 506 . 641 . 7?:1 
.A. h ·· · ·· ···· ··· ·· · ·· · ··· 0. 218 5. 922 10. 654 11. 078 9. 885 11. 232 I 4. 379 8.184 8. 203 --1--1--Total ... . .... . .. .. . 100. 000 100. 000 100. 000 1100. 000 1100. 000 100. 000 i1°0. 000 1100. 000 100. 000 
Specific gravity .. . .... .. 1. 6:!0 1. 617 1. 654 1. 657 1. 667 1. 651 1. 584 1. 631 1. 575 
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.Anthracite product-ion.-A number of statistical tables have been 
prepared by different authorities to show the past production of the 
anthracite region. Of the e the table printed below seems to have the 
mo tin its favor. It ha , been compiled hy Prof. P. W. Shea.fer for the 
year 1 20 to 1868, inclusive, and siuce 1868 by Mr. John H. Jones, 
a countant of t he anthracite tranRporting companies, and has been 
adopted by Mr. Ash burner for the use of 1he State Geological Survey. 
Thi table doe not include the coal sold to the local trade and consumed 
foe fuel at the collieries. This amount in the past bas been variously 
estimated to be from 8 to 10 per cent. of the total tonnage reported as 
hipped to market. At the present time it would seem to range from 5 
to 6½ per cent. in the different parts of the anthracite region. Although 
the amount of coal burned within the region };las increased from year to 
year~ the percentage of the total amount mined which has been so used 
ha unquestionably <liminished at the same time. 
hipmente of coal f1·om the anthracite fielde of Penr1eyl1:ania from 1820 to 1884, inclusive, 
with the amount and p ercer1tage of the total shipped froni each region. 
Yellre. Schuylkill region. 
Long tona. Per ct. 
1820 .. ....•... ··•·•· ... .....•......•.. 
1821 .......•... .• ............. .. . . 
18"J2 . . . . . • • . . . . • . . . . 1, 480 39. 79 
1823..... .. . . . . .. . . . 1, 128 16. 23 
]824. .. . . . .•.. .. . .• . 1,567 14.10 
1825 . . . . . . • . . . . . . . • . 6, 500 18. 60 
l 26 . . . • . . . . . . • . . • . . 16, 767 34. 90 
1827... . . •. . . . . . . • . . 31,360 49. 44 
1828 . . . . . . . . . . . • . • . . 47 284 61. 00 
1829 ....•.. .• . ...... 79: 073 71. 35 
1830 . . . . . . • • . . . . • . • . 89, 984 51. 50 
1831 . • . . . • • • . • . • . . . 81, 854 46. 29 
1832 . • . . . . . . . . . . . . . . 209, 271 57. 61 
1833 . . . . . • . . . . . . • . . . 252, 971 51. 87 
18:14 . • . . . . . . . . . . . . . . 226, 602 60. 10 
1835 . . . . . . . . . . . . . . . . 339, 508 60. 54 
1836 . . . . .. . . . . . . . . . . 432,045 63. 16 
1837 . . . . . . . . . . . . . . . . 530, 152 60. 98 
1838 . . . . . . • . . . • . . . . 446, 87fi 60. 49 
1839 . . . . . • . . . • . . . . . . 475, 077 58. 05 
1840 . • . . . . . . . . . . . . . . 490, 506 56. 75 
1841.............. . 624,466 65.07 
1842 . . . . . . • . . • • . . . . . 583, 273 52. 02 
1843 ....... . ... .. •• ." 710, 200 56. 21 
1844........... .. . . . 887,937 54. 45 
1845... . ..... . ...... 1, 131 , 724 56. 22 
1U6 .•• . ....•.. ,. . . . 1,308. ~o fi5. 82 
1847 . .• . . . . . • . . . • . . 1,665, ,d.3 57. 70 
1848. . . . ... .• •• . . . . 1, 73,l, 721 I 56. 12 
1849 ....•..••...... . 1,728,500 53.30 
1 _ . . . . . . . . . . . ..• .. ], 840,620 54. 80 
I ~.1 . . . . . • . . . . • . . . . . 2, 328, 525 52. 34 
1 2.. .. .... . .. .. . .. 2,636, 35 52. 81 
1853. •.•.•. .•. •. . . . . !l, 665.110 51. 30 
1 5<4 • • • • • • • • • . • • • • • • a, 101, 670 53. 14 
1855 . . . . . . . . . • . . . . . . 3, 552, 943 53 77 
1856 . . . • . . . . . . . . . . . 3, 603, 029 52. 01 
1 ·7 . . . • • . . • . . . . • . . 3, 373, 707 50. 77 
1 • . ..... ·-....... . 3, 273, 245 47. 86 , 
1 9 . . . . . . . . • • . • • . . . ;i, 448, 7 44. 16 
1 .. .. . . . . . . . • . . • . 3,740,632 44. 04 
1 1.... ... . . . . .. . . 3,100,747 30. 74 
1 l . . . . . . . . . . . . . . . 3, :112, 583 42. 86 
l . . . • . . . • • . . •. • . • 3, 911,683 40. 90 
I ·· · · ··· • ·· · · · . . ·1 4,161,970 4-0. 9 
1 t 5 . • . • . . . • . . . • • • • • 4, 356, 95g 45. 14 
1 . • •. . . • . . . • . . . . . 5, 787, 90'2 45. 56 
1 "ii • • • • . • • • • . • . . • • • 5, 161, 71 39. 74 
l ..•.... . . • . • ••. . 1 5. 330. 737 3·. 02 
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12, 9 , 7"25 
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hipmeniB of coal from the anthracite fields of Pennsylvania, g·c .-Continued. 
Years. Schuylkill region. Lehigh region. : Wyoming region. Total. 
1869 ........ . ...... . 
Long tons. I Per ct. Long tons. Per ct. Long tons. Per ct. Long tons. 
5,775,138 41. 66 1, 949,673 14. 06 6,141,369 44. 28 13,866,180 
1870 .... ...... · ··· ·· I 
1871 .... · ··•·· ...... , 
4, 968, 151 3o. 10 3, 239, 374 20. 02 I 1, 974, 660 49. 28 10, 1s2, 191 
6, 552, 772 i 41. 74 2, 235, 707 14. 24 6, 911, 242 44. 02 15, 609, 721 
mL))iJ 6, 694, 890 ' 34. 03 I 3, 873, 339 ] 9. 70 9, 101, 54Q 46. 27 19, 669, 778 7,212, 6~1 ·1 33. 97 3, 705, 596 17. 46 10,309, 755 48. 57 21 227 !152 6, 806,817 34. 09 3,773,836 18. 73 9,504,408 47. 18 20: 145: 121 6,281,712 31. 87 2,834,605 14. 38 10,596, Hi5 53. 75 19,712,472 
1:~i :::::::::: ::::::; 6,221,934 :.13. 63 3, 854, !ll9 20. 84 8,424,158 45. 53 18, 501, 011 8,195, 042 39. 35 4,332, 760 20. 80 8,300,377 39. 85 20,828, 179 6,282,226 35. 68 3, 2:.17, 449 ]8. 40 ~. 085, 587 45. 92 17,605,262 
8, 960,829 84, 28 41 595, 567 17, 58 121 586, 293 48. 14 I 26, ] 4:.l, 689 
188!i .. . ............ . 
1879 . ..... .. ... .. . ··1 
7, 554, 742 32. 23 4, 463, 221 19. 05 11, 419, 279 4R 72 ! 23, 437, 242 
9, 2;:;a, 958 a2. 46 ! 5, 294, 676 18. 58 rn, 951, 383 48. 96 1 28, 500, 017 1881 ..•. . •· · ·•· · ... . 
188:.! ........... . ... . 
1883 .............. . . 
9, 459, 288 32. 48 5, 689, 437 19. 54 13, 971, 371 449'/ . 0988 \ 29, 1:W, 096 
10,074, 726 ell. 68 i 6, 113, 809 19. 23 15,604,492 31,793, 027 
,884 ....... ... .. ... . 9, 478, 314 30. 86 _ 5, 562, 266 ~~ ~5, 677, 7Ul 51. 04 1_30, 718, 293 
Total ........ . 202,876,712 88. 26 1
1 
100,596,643 18. 97 226,738,455 42. 76 1 530,211,810 
-- __ __,_ ___ _,.! _ _ _:.I _ _ __ _ 
The Sclmyhill region includes the western middle coal field and tbat 
portion of the southern coal field west of Tamaqua. The Lehigh region 
includes the ea tern middle coal field and that portion of the southern 
coal field east of Tamaqua., known as the Panther Creek basin. The 
Wyoming region includes the ·wyoming and Lackawanna basins, which 
together form the northern coal field. 
Shipments of coal front the anthracite coal fields of Pennsylvania, armnged in periods of ten 
years, fr01n 18i0 to 1884, inclusitic. 
Years. 
J 20 to 1830 . .... . ........... . .. ..... ..•. . ..... . 
l S.'.11 to 1840 ...................••.....•......... 
1841 to 1850 . . . ..................... . . .•........ 
1851 to 1860 . ............. ..... .. ..........•... . 
18tll to 1870 ...... . .....••.....•.........••..... 
i0~i ro m~ :::~:: :::::: :::: ::~: :::: :::::: :: :: : : 






31, 8~:1, 494 
45,987,547 
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114, 761, 986 
202, 969, 427 
120, 131, 433 
Total ............. ...................... . 202, 876, 712 100,596,643 ,-2-26-,-73-8-,-45_5_
1
_5_3_0_, 2-1-1,-8-10 
.Anthracite coal tonnage of the different transportation companies for the yea1·s narned. 
[Compiled upon tbe basis of distribution established bv the A.ntbmcite Board of Control for 1878, by 
Mr. John H. tones.] 
Companies. I 1870. 1871. 1872. 1873. 1874. 
- 1---
Philado:phia and Rea.dlng Railroad Com· 
Long tons. Long tons. ; Long tons. Long tons. Long tons. 
.rlhi':;'h ·v~lley R~ili~~d c~~pa~y. :::::: I 4,169,707 5,330,863 I 5,645, 103 5,868,848 5,568,601 3,608,587 2,880,263 ! 3,850,118 4,121,734 3,989,821 
Central Railroad Uompany of New Jer· I 
n!f!wa~e. · ia~ka:;-a:~~a: · n~d · w ~sie~ · i 1,606,469 I, 985,550 I 2,253,614 2,698,119 2,706,007 
Railroad Corfiany . .. -....... · · · · · · · · · 2,117,612 1,730,242 2,520,330 2,952,941 2,358,539 
Delaware and udson Canal Company .. 2,318,073 I 1, 9551 737 I 2,882,479 2,732,267 2,290,791 
Pennsrl,ania Railroad Company . . . .. .. . 1,225, 733 , 912,835 1,168,084 1,519,711 1,642,474 
Pennilvanla Uoal Uompany .. .. . .. . .... 1,136,010 848,635 1,266,762 1,297,604 1,396, 326 
New ork, Lake Erie, and Western Rail· 1 
road ...... ........... ... . .............. 55,506 83, 288 36,728 197,562 
·---
19, 669, 778 I 21, 2~7, 952 I Total . .. ......... . .... . .... . .. . ... 16,182,101 15,699,721 '.!O, 145, 121 
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_/,1thracite coal tonnage of the different tmnsportation companies, fc.-Continued: 
Companies. 1875. 1876. 1877. 1878. 1879. 
Long tons. Long tons. Long tons. Long tons. Long tons. 
PhilucMphia and Reading Railroad Com-
L pb1~~~ Yalley Roilrc,~d Compa-~y::::::: 1 i: m: ~~~ :: ~~: i~f !: :~: m ~: m: ~~~ !: ~~: g~i 
C ~t•.l_ R~lr~~-~ ~~~'.~~~~ .~~ .~~w.J _e~_· , 
Dt'l:iwar1•, Lackownnna, and Western 
R:iilroad Company . . ... - - - -. . . I 
Dela war and Hudson Canal Corupany .. 
Penn.,ylvania Railroad Company ....... . 
Penn ylvania Coal Companr ........... -I 

































Total. ........ _ ............ . .... .. I 19,712,472 18, 501, 011 20, 828, 179 17, 605, 262 26, 142, 689 
CompA,Dies. 1883. 1884. : 1880. I 1881. _ , __ 1_88_2_. _ 




pan~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 933, 0_3 I 6,940,283 7,000, 113 1(), 487,003 11,163,920 
L high Valley Railroad Com~any. . . . . . . 4, 304, 533 I 5, 721, b70 5, 933, 740 6, 271, 773 5, 935, 254 
Central Railroad Company ot New Jer. 
sey .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 470, 141 4, 085, 424 
Dela.war Lackawanna, and Western 
Railroad Company . . . . . . . . . . . . . . . . . . . . 3, 550, 348 4, 388, 970 
Delaware and Hudson Canal Company.. 2,674,705 8,211,496 
Pennsylvania Railroad Uompany... . ... . 1, 864, 032 2,211,363 
Penn ylvania. Coal Colllpany...... . . . 1, ms, 460 1, 475, 880 
New York,LakeErie, and Western Ran. 
road............ . . ........... .. ... . . . . 411,094 465,230 
















To~ .. ·=· ..... ~· ........... 23, 437, 242 I 2~5~ 0~ 29, 120, 096 31, 793, 027 I 30, 718, 293 
a To June 1, 1883; the road was tbar,i leased to the Philn.delphia and Reading Railroad Company, which 
after that dAte is credited with the tonnage of both its own and the Central roads. 
The amount of coal which still remains to be mined has been vari-
ou ly timat d, but all the estimates have been based upon insuffi-
ci nt fact , and until the completion of the State survey but little can 
b certainly known. Mr. Ashburner ha estimated that the region 
)rig"inally contain d about 25,ooo,ooo,ooo tons, which is between the 
xtr m timat which have been made, and is probably nearer the 
truth than aoy otb r. 
In the prec ding tati tic the production of the Loyalsock basin, in 
ullivan count , ha not been inclucled. The following table gives the 
figur . in regard to thi' field: 
Productio'/1, of th~ Loyalsock field, .Sullivan county. 
Years. I Long tons.
1 
Years. Long tons. 
1-87- 1 -. -.. -. -.. -. -_.-.. -.-.. -. -.. -.-.. -.-.. -.. - .-.. - .-.. -.-!.. 23,122 lt-------------41---
1879 ............................. ·-... 50,000 
1872 .... .. .... ...... ·-. ··- ....... ··- - . . 51,627 1880...... .•. • . . . . . . . .. . . . . . . • •• . •. • . . 65,000 
1873.... . .............................. 32, 058 1881. .......... _.................. . . . . 70, 000 
187· -·-· •··•· ·•··· .. ·- •... ·-. .... .. . .. . 36,268 1882 ...........•.... ···-····. .. . ..•. .. 70,000 
1875·- ····················-·······-·-·· 16,522 1 1883 .............. -···-···········- · ·· 80,000 
187 ·-········ ·-······················· 30,000 ll!M . .....•. ..... -······-········-·-·· 85,393 
l 77 ·-· · · ····-····· ··--·-······-······ 23,000 
187 ·· ···· ·· ·················-········· 37,000 Total····-·······-···-··· ·· -···· 669,890 
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Ownen1llip -On the anthracite coal fields of Pennsykania the land 
is owned by large corporations, whose respective interests are shown 
in th following table : 
OwnlYl'ship of anthracite coal lands. 
Companies. liichuylktll. Lehigh. Wyoming. 
Acres. Per cent. Acres. Per cent. 
Lehigh Valley............... . .... ...... .. . . ........... ..... 18,036 24 
L bi~h and Wilkes.Barre . ..... .... .... . 7,600 8 7,000 8 
Delaware and Hudson ...... ..................... .. ............................ . 













1•hiladclpbia and Reading Coal and Iron 




32 .••... ... . .. ........ 
Philadelphia Railroad Company........ 6, 000 6 
Girarcl csta.te ..... ...... ..... .............................. . 
Gilbert & Co .. .... ....... ..................... ........ ... . 
.Alliance Coal Mining Company . . . . . . . . 3,172 3 
.All other11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,362 13 15,981 











Routes and markets.-The several routes to market and their respect-
ive lengths are shown in the following table: 
Anthracite shipment 1·outes. 
From- By-
Pottsville to NewYork.......... ............. Canal. ................•.•......•••........... 
Pottsville to Philadelphia ......................... . do .................................. _ .... . 
Pottsville to Philadelphia.... ... . . . . . . . . . . . . . . Rail . ................... ... ... .............. . 
Mauch Chunk to New York................... Lehigh canal ............................... . 
}fauch Chunk to New York ................... Rail .......•....... . ...........•••••......... 
~i~tt;~p ~!~~:J~~;:::::::::: ~:::::: i:r~~ ~~~::::::::::::::::::::::::::::::: 
·cranton to New York ......... . ..........•... Rail ........................................ . 
Wilkes.Barre to New York ........................ do ....................................... . 
Wilke -Barre to Mauch Chunk ........ .... ........ do ...........................•............ 
Wilkes-Barre to Baltimore..................... Canal. ...... . ......................•....... _. 















The following statement of the distribution of the output of anthracite 
in 1883 has been prepared by Mr. F. E. Saward: 
GenlYraZ di8tribution of anthracite in 1883. 
Destination. 
Competitive (including tonnar passing out of capes of Dela.ware to New York harbor, 
rufill:t ~~ -~~~~~~ -~i~~~· ..• ~~~- ~~~~~~- _s_~~~~. ~~~ _t~~ -~~~~.i~. ~~~~- ~~~~ -~~ .~~~~. 
Western (includin~ tonnage to points in the United States west of Buffalo and the Detroit 
river, Erie, Pittsbur~h, and Baltimore) . ............. .................... _ .... _ ........ . 





Southern ( estimated tonnage to all points in Delaware, Mary land, and the territory bounded 
by the Ohio and Mississippi rivers on the north and west and the Gulf of Mexico on 
the south)... . .. . . . . . . . .. . . . . . . . . . .. . . . . . . . .. .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 284, 093 
:Pacific coast.. . .. ....... . .............. ........ . ........................................... 24,630 
Local (embracing all coal consumed in Pennsylvania., New York, and New Jersey)....... 14,070,019 
Foreign .. . .. ................ - -... - ..... -- .•. - . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . .. . . . . . . . . . 88, 428 
1----
Total tonnage in 1883 . . . . . • . • • • . . . . . • . . • . • . .. . . . • . . . . . .. . . . . . . . .. • . . • . • • . . . . . . . . • • . . 31, 793, 027 
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.. izes of anthracite.-At one of the largest collieries in the anthracite 
coal field the percentages of the various sizes shipped to market in 1882 
were ca.refully recorded, with the following result : 
Per,Jentage of marketable sizes of anthracite. 
Sizes. Quantity. Percent. 
' Short tons. Owts. 
1:::'~iio~i:::: ::: : : : :::::::::: ::: : : : : : :: : : : :: : : : ::: : : : : : : :: : : : ::: : : : :: : : : : 9~; ~~~ ii 13·_: 
Broken.... . . . . . . . . . • . • . . . . . . • . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . • . . • . • • . . . . . . 143, 068 05 20. 6 
Egg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88, 885 07 12. 8 
tove............ . .. . .. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97, 194 61 14. 0 
Chestnut . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155, 604 08 22. 4 
Pea.. ..................................................................... 118,920 08 16.4 1------1----
'l'otal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 694, 194 09 100. 0 
Wages in anthracite mining.-The following tables from the volume of 
Industrial Statistics, published by the secretary of internal affairs of 
Pennsylvania, show the condition of anthracite coal miners, and other 
mployes about the mines, with regard to wages in 1884:: 
Exhibit of highut a1,erage wages paid in the anthracite coal mines of Pennsylvania, based on 
full working time. 
Employ6s. 
Miners on contract ...••........................•.........•........•••.....•.. 
fl~i:!r~~ ;::§1~8.:::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~mz::s~:;::~~~:. ::  : :  :  : :  :  : :  :::  : :::  :  :  : :::: ::  :  : ::  ::: : ::: : :  : :  : 
r £~J::i~~:_::::::: :: : : : : : :~~::::: ::::: :: : : : : : : : ::: : : ::: :: :: : :::::: ::: : : : : :: : 
~l!t: ~t~t::: t~~~:::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 


































Exhibit of actual wages paid in the anthracite coal mines of Pennsylvania, based on actual 
time employed. 
Employ6s. Day. Week. Year. 
- ------ -----------------1--- --- ---
.Miners on contract ...... . .................................................. . 
Miners on wages ................ . .......................... . ................ . 
Laborers, inside ..................................•........................... 
Laborers, outside ....... . ........................................ .... ....... . 
Boy · ······ · ··········· ··•·············•················•· · ················· Drivensand runnen, . ................ . ....................................... . 
Fir men . . . .... . ..•.......•....•.. .•....... .............•.................... 
li:!ct :~;a··.-.·.·.·.-.-.-.-.-.·.-.-.-.-.·.·.-.:::·.·.:::::·.:::·.-.·.·.-.-.-.·.-.-.·.::::::::·.::::::::::::: 
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day in op rati n, number of employes, wages paid, and coal produced 
in the anthracite mine of Pennsylvania for 1884: 
Condition of the Pennaylvania anthracite minea in 1884. 
Num- Average ' Number Amount Number of 
Looalities. ber of 
number ofper-
paid tons of col- . of days sons em-
lieries. mt1g:~a- ployed. in wages. coal mined. 
Schuylkill regwn. 
Columbia .. .... . . ....... ... .... ..... ..... ........ 8 170 2,180 $694,799 673,099 
;g:~r:u~ b~~iit~'ci.:::::::: : : : : : : : : : : : : : : : : : : : . : : . 8 267 1,909 591,571 552,409 27 197 7,199 2,651,079 2,098,712 
cbuylkill, part of. ............. .. ....... ........ 82 186 19,099 6,981,812 5,628,904 
Total for region, 1884 .........•......... .. . 120 190 so, 887 10,919,261 8,953,124 
Lehigh region. 
Parts of Carbon, Luzerne, and Schuylkill conn-
ties: Total for region, 1884 ............... ..... 52 173 18,956 5,159,924 4,154,262 
--
Wyoming regwn. 
Lackawanna an<l part of Luzerne county: Total 
for region, 1884 . .. .. .. .. ....... . ....... . ..... . . 109 L85 38,973 13,827,077 12,544,298 
-----
Grand total, 1884 .....••........ .. .. .. ........ ... 281 185 88, 3]6 29,906,262 25,651,664 
Grand total, 1883 . ............ . ............... ... 310 221 87,308 33,597,253 30,154,546 
--------
Decrease in 1884 ......... . .... ........ .... . 29 36 3,992 3,691,991 4,502,882 
In explanation it is stated that '' the above report was obtained from 
all the operators reporting in 1883, together with some who had not 
reported before. The decrease since 1883 can be accounted for by de-
pres ion in trade and by sales of collieries formerly owned by individ-
uals to large companies. Some of them were shut, down to restrict 
production. We have given the returns by counties whenever practi-
cable. In the Lehigh and Wyoming regions the returns were of such 
a nature that it was not practicable to tabulate by counties. To the 
above total of coal mined there should be added 6 per cent. for coal 
consumed or sold at collieries." 
Prices.-The following figures give the range of prices of anthracite 
during the years named. The unit is the long ton, and the delivery is 
free on board vessels in New York harbor. 
Prices of anthracite at New York City in 1882, 1883, and 1884. 
Grades. Lump. Grate. Egg. Stove. Nut. 
--------------------1---------------
1882. 
f a;tJi.t~Kf !!:Ji)~:::::::::::::::::~:::::::::::::::::: 
Hard white-ash (highest) .........••.•....•......•....••.... 
$3. 90 $3. 90 
4.30 4.30 
4. 85 4. 25 
5.15 4. 50 
1883. 
i~i~:it~ri~lt~i):::::::::::::::::::::::::::::::::: :: : 
Hard white-ash (highest) ............••.....•............... 
3. 90 3. 90 
4.30 4.30 
4.85 4.10 
5.15 4. 50 
1884. 
Wa~~E.t~&f!tt::::::::::::::: :: : : : : : :: :: : :: : : : : : : : 3.80 3. 80 3. 80 3.80 4. 75 4.10 
Ha.rd white-ash (highest) ...........................••.•.... 4. 75 4.10 
$3. 90 $4. 00 
4. 55 4.85 
4.25 4. 25 
4. 70 4. 90 
4. 00 4. 20 
4.55 4.85 
4.10 4. 85 
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)fr. 'awar<l ay with reference to these figures: "It must be borne 
in mind that at no time within the years named were the circular rates 
actually realized; the divergence therefrom gradually became greater, -
ancl it i not saying too much to remark that during the latter part of 
18 4 there was a difference of 30 cents on grate and egg and 40 cents 
on tove and nut per ton between the circular and the actual quota-
tion~; tlrn circular showing an advance of 25 cents per ton on the 
dome. tic sizes made on the 1st of J"uly was a practical nullity." 
PEX .NSYLV ANIA-BITUMINOUS. 
The Appalachian field, from which more bituminous coal has been 
mined than from any otlJer, is one of considerable dimensions, extend-
ing over portions of nine States. ItR shape is difficult to describe. Its 
general line of direction is from northeast to southwest. Commencing 
in e eral uetached deposits in northeastern and north-central Penn-
sylYania, it rapidly broaden · until it spreads over a large part of' the 
we~t rn end of the State a11<l covers about one-fourth of Ohio. :Nar-
rowing lightly, it pa ·es southwest through Ohio and West Virginia. 
Pat-> ing iuto K ntncky on the west, and including within its eastern · 
bouu<lary a small portion of Virginia, it rapidly narrows until its width 
iu Teune -see i les than one-fourth of its greatest width. Tbe deposit 
then can be trace<l jnto Alabama, passing across the northwestern 
coruer of Georgia in their course. In northern Alabama the field 
pread out again, covering quite a considerable area, but abruptly 
ends with this expa n ion. 
The total area of the Appalachian :field is estimated at 59,435 square 
mile·, which i ' di tributed among the States over which it passes a 
follow : 
tates. quaro miles. · 
P1.1nn ylvani& .. . .. . . ... . . ..... . ... ..... _ I J2, 302 
~;i:,:iA~il" . :··.··.·.·.·.·.·.·. :·.·.: :·. :: :: :: ::::: .' 10, ~~ 
~ eat ~irginia .... .. ..... . ... ... ... . . . , 16,000 
Kirft'~~t;;:::: ::: : : : : : : ::: ::::::::::: ::: ~: ~~~ 
tates. 
Tennessee . . . . . . . ..... _ .... . . _ . . ... _ . . 
t~bf!~·:::::::::: :::::::::: . : : : : : : : : : 







ulliYan countie , extending 
tat . The countie of Brad-
'entr untingdoo, and Fulton, 
· th i tat fr m u rthea t to . outhw t 
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are th mo tea terly counties containing bituminous coal; in these, and 
in every county we t of the belt so formed, with the sole exception of 
Erie unty, bituminous coal is found in greater or less quantity. 
In a mmercial s n e, however, the productive bituminous coal field 
of Penn ylvania cannot be ·aid to be of so great extent as this. The 
creneral outberly dip ,of tbe strata in the district under consideration, 
and t 11 outcropping of lower and lower formations as we progress north-
ward throuM·h 1 he State, illdica.te that at an early period in the earth's 
hi 'tory the northern part ot the State was lifted high above the south-
ern . Ero ion and <leuudation then took place, the northern portion of 
the State being entirely deprived of many of the strata which exist 
un<li ·turbed iu the more .southern counties. Accordingly, the counties 
in the northern part of Pennsylvania west of the line described con-
tain coal only in , mall patches, having been deprived, in the manner 
de cribe<l, of nearly all the deposits which once existed in that part of 
the country. The true bituminous coal-producing district, then, is no~ 
-ynonymous with the part of the Sta,te covered by the counties which 
contain coal, but is much more limited. Constructing, as before, a belt 
of counties which shall be the boundary of the di~trict, we name, com-
mencing at the western boundary of the State, the following: Mercer, 
Butler~ Clarion, Jefferson, Clearfield, Cambria, and Somerset, the last 
on the outllern border. These counties, and all those west and south 
of the belt they form, constitute the bituminous coal district of Penn-
ylvania. A small part of Elk, and the four northern townships of 
Centre county, hould, speaking precisely, be included in the district, 
and it must be remembered that several of the outlying deposits, such 
a the Broad Top field in Huntingdon, Bedford, and Fulton counties, 
and the Blossburg field in Tioga county, are of no small importance in 
a commercial way. 
A.cross the district thus bounded lie the bituminous coal measures, 
iu six principal basins, arranged in concentric curves of wide sweep, 
and separated by five great anticlinal waves. Lack of sufficient data 
prevents the tracing of these grand anticlinals throughout the State, 
but in general their persistence is remarkable. Laurel hill, the first 
mountain range west of the Alleghany mountains, forms the northern 
part of the first anticlinal.axis (the southern portion not being exactly 
identified) and separates the first and second basins. Chestnut ridge 
forms the second axis. The third anticlinal wave, crossing Clearfield, 
Jefferson, Indiana, Westmoreland, and Fayette counties, is a very per-
sistent axis. Of it Mr. Franklin Platt says: "The perfect straightness 
and regularity of this remarkable anticlinal is as wonderful as any phe-
nomenon in geology. From where it enters the State across the Vir-
ginia line, to where it leaves Clearfield and enters Elk county, it runs 
100 miles in an absolutely straight line." The fourth anticlinal axis has 
been carefully traced over but a part of its course; but the fifth axis 
is very distinct, and seems to be even more · remarkable than the third 
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axi , nmning nearly 150 miles without any such bend as at one point 
characterized the other. 
Var·ieties of Pennsylvania bitum-inous coal.-The coal field of Pennsyl-
vania contains almost every possible variety of bituminous coal. The 
gn•ater part of the coal mined in this field is true bituminous coal, con-
taining 20 per cent. and upward of volatile combi1stible matter; but in 
the tletacbetl deposits of Tioga, Bradford, and Huntingdon counties, 
autl along the summit of the Alleghany mountains, the coal has a semi-
bituminous character, containing only from 15 to 18 per cent. of volatile 
matter. The bituminous coals of Pennsylvania are known the country 
ornr for their admirable qualities. Coal for domestic use, steam coal, 
ga coal, coking coal, blacksmithing coal, all are found in wonderful 
variety and profusion in the Pennsylvania measures, and of unsurpassed 
quality for each purpose. To the cities of the Atlantic coast, to those 
of the extreme South, and to those of the Far West, Pennsylvania coal 
goes constantly, and is in steady demand. 
Reaerves.-Some twenty-one or twenty-two coal seams of commercial 
importance have been found and named in the bituminous :field of Penn-
ylvania. These have been in most cases traced with much certainty 
throughout the district, nearly every bituminous deposit known to ex-
i 'tin the State being with more or l~ss certainty identified with some 
one of them. The quantity of available coal contained in these seams 
ba been carefully estimated by Dr. H. M. Chance, assistant geologist 
of the State Geological Survey, and a statement prepared by him is 
ubjoined. It should be stated that no attempt is made in this table to 
how the total amount of bituminous coal contained in the deposits of 
Pennsylvania; the information it gives is of much more value, being 
iu respect of the total amount of that coal alone which is accessible and 
workable, and of commercial value. 
Reserves of bituminous coal in Pennsylvania. 
Beds. Long tons. Beds. 
Upp r Barren Measures: 
Washington bed, 3 to 3½ feet.. 787,200,000 
Lower Productive Measures: 
Kittanning upper, bed, 2 to 4 
feet .... .. . ... ...... . ..... . 
Upp r Prodncti.ve Measures: 
Wayn sburg bed, 3 to 5 feet. . 2,126, 400,000 
Uniontown bed, 2 to 8 feet . . . . 812, 000, 000 
wicltley b d. 3 feot. ... .... . 482, 000, 000 
Redstone bed, 2 to 3feet...... 826, 400, 000 
Pitt burgh b cl, 6 to 12 feet ... 10,438, 800, \JOO 
Kittanningmiddle bed, 2 to 3 
feet . : ..... ... . ...... . ... . . 
Kittanning lower bed, 2 to 6 
feet ..... . ....... ......... . 
Clarion coals, 2 to 8 feet . .... . 
Brookville bed, 2 to 4 feet ... . 
13, 635, 600, 000 
Lower Barr•n M asnreij: ,----- Conglomerate series: 
Bush creek, Coleman, etc., Mercer coals, 2 to 3 feet ..... . 
b de .. . .... ............ . .. 878,400,000 Quakertown bed, 2 feet .•.... 
baron coal horizon, 2 to 3 
fee~ .. ................. . ... . Lower Prodn tive Measures: 
In W ·-tmor ·land, Far t , 
~nd All gb,·ny ount1 e .. . . 
Long tone. 
1, 596, 000, 000 
829, 800, 000 
4, 225, 200, 000 
696, 000, 000 
1, 627, 200, 000 
17,217,400, 000 
932, 600, 000 
57,600,000 
38,400,000 
1, 028, 000, 000 
:\[Iller ton b d , :-i f., ....... , 
Fr portnpp rb <l ,3 to5feet . 
lfr port low r 1,e(l, 2 to 6 i . 
Grand total ........ ....... . 33,-547, 200,000 
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The total available tonnage may be divided thus : 
Classification of beds. Long tons. 
~=tr:! i ~~e~ }~!i~hi~k ~ ::: : ~ ·.: ::: : : ::::: :::: :: : :: : : : : : :: : :·. :::: ::::: :: : ::::: ::: : : : }g: ~~;; :gg; ggg. 
:Beds from 2 to 3 feet thick ............ --·--· .... -·. - - ..... -- --·· -··· .. -··· -- ----··. -· · _3_, oo_s,_2_00_, o_oo 
'.l.'otal. .. _ ... _ ••.. _ ••....•.. ___ .•.... __ ••... __ .•. __ ...... __ ...•....•..•...•.•.•••. 33, 547, 200, 000 • 
,, Excluding coals less than 3 feet in thickness," says Dr. Chance, 
"we bave an available tonnage of 30,544 billion tons, and, assuming that 
75 per cent. of this can be won in mining, we have 22,908 billion tons as 
the possible output from seams 3 feet or more in thickness. Probably 
two-thirds of this amount lies favorably situated for mining, and at or-
dinary prices for labor can be mined and placed on the cars at an aver-
age cost not exceeding $1 per ton; but the remaining third lies beneath 
water level, or beneath a thick covering of superimposed measures, and 
will probably cost from $1.25 to $1.50 per ton, at the present price of 
labor. The two-thirds, 15,272 billion tons, accessible above water le,el, 
and contained in beds not less than 3 feet thick, is sufficient to main-
tain the present average yearly output from Pennsylvania for about 
eight hundred years, or to supply the whole world for fifty years." 
Sharon seam.-The lowest bituminous coal seam worked in the State (in 
a geological sense) is the Sharon seam, occurring in workable quantity 
only in Mercer county; its geological position being immediately above 
the Sharon Conglomerate, which lies at the bottom of the Great Con-
glomerate series No. XII. This coal is very uncertain, being found in 
little patches or basins which have apparently no connection with each 
other; it is, however, highly valued, as it is generally a splint or block 
coal, making a fine blast-furnace fuel. The deposits are being exhausted 
rapidly, and it is estimated that the coal will all be extracted in at most 
:fifty years at the present rate of production. In Ohio this is an im-
portant seam, and analyses are given of it under that head. 
The Mercer Upper and .Lower coals, two other seams of formation XII., 
attain considerable importance only in Mercer county, where, while 
widely spread and affording an abundant supply of domestic fuel, they 
are at best impure, and in McKean county, where their proximity to 
market enhances their value. 
The Brookville bed, the lowest seam of the Carboniferous series, occurs 
in some fifteen counties of the State, ranking sixth among the produc-
tive seams. In Jefferson county, from whose seat of government it de-
rives its name, it is nearly always impure, but is mostly of workable 
dimensions, and is the main source of the local supply. In Centre and 
Blair counties this bed is mined, and furnishes in some places quite 
pure coal, but in general it is sulphurous, in many places being too 
much so for use. 
The Olarion bed is formed in two subdivisions in some of the western 
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counties, the upper of which is known as the Scrubgrass coal. .[t some-
times furnishes coal of excellent quality, but the bed is usually thin. 
Lower Kittanning bed.-Tbe next seam in ascending order is the Lower 
Kittanning bed, which in point of resources probably ranks second only 
to the Pittsburgh vein. In tbe southwestern part of the State it is not 
met with in workable quantity in many places, although in Beaver 
county it is persistent, and is very valuable in the vicinity of the towns 
of Industry, New Brighton, and Beaver Falls. PaS'Sing northwestward 
it is exposed in Butler County, where it is workable over a small area, 
and is of great extent in Armstrong and Clarion counties. In the 
former, while regular and persistent, it is somewhat impure; but in 
Clarion county it is spread over a large territory, and is a g·ood steam 
coal. In Jefferson, Indiana, and Clearfield counties it is not a bed of 
great value, and while good in Centre county, is but slightly exposed. 
In Blair county it is of much importance, being known in some districts 
as the Miller seam. It is here mined in many places, is a very good 
coal, and is coked. Passing farther north and east the supposed equiv-
alent of this vein is found in many of the detached deposits which outlie 
the north western edge of tbe Appalachian field. In Lycoming county 
the Big bed of the Little Pine creek basin is referred to this horizon, 
and contains large deposits of valuable coal. In Tfoga county it is 
identified with the Bloss vein, producing the well-known Morris Run coal. 
In Sullivan county its supposed equivalent is mined in several places, 
and in Bradford county the Barclay coal, an admirable fuel for steam 
__ and hou eholcl purposes, is referred to the Lower Kittanning horizon. 
The Kittanning Middle coal is locally workable in Butler, Jefferson, 
Armstrong, Elk, Cameron, and Clarion counties, but is not a seam of 
v ry gr at importance, and does not contain nearly so much coal as 
many of the other vein . 
Kittanning Upper seam.-Tbis is noted not so much for the quantity 
a for the character of the coal it contains, nearly all the cannel coal 
fo enn ylvania, and in one or two localit1es a block coal, occurring at 
thi ' h rizon. In the extreme southwestern part of the State it is, of 
o r , not found; but in Beaver and Lawrence counties, on the Ohio 
lin , it i ab l of much importance. In Beaver county it is occasion-
ally unc rtain; but, in the main, i a good coal, and in many places 1 
very g o and rich, notably on the Big Beaver river. On the Little 
B a--v r river, three miles below Darlington, it appears in the form of a 
gre t cann 1 depo it, averaging 7 feet in thickness, and is hence known 
wid ly a the arlington am. In Lawrence county it extends over a 
wid t rrit r and i from 2 to 4 feet thick. It varie in quality, but 
la i xc pti nably pure, making a fine gas coal, and occur-
1 alit genuine block coal. In Butler county, the Kit-
p r ed i the chief ource of upply; and here, too, is some-
. nn l coal. ln rm tr ng county it i omewhat uncertain 
m 1 i an impur cannel, but i fairly good in ot.her . 
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Iu ,lal'ion au<l ,Jeff •1-.·011 <·ouu ties the seam is small and unimportant. 
In J 11tliana, connty it is occasionally good, and in Clearfield county, 
whil • oftell slHty iH in ome localities ot great importance. ln Cambria 
and lllair t'Otrnti<.•,' it i8 uvt mined. In Ceutre count,y it is an exceed-
ing!~- important dl•posit, being· the chief l>ed of tbe well known Snow-
. ·hoe hasi11. P<.'f isteut, eYeryw.bcrc abo,·e water, easily accessible, 
thick, a11<l of c•xcellellt quality, it 1s here as valuable a deposit of coal 
a, falh, to tlH~ lot of ally county in tlie State. It Lere justly receives 
the title of the "Big bed." ln the Broad Top region of Huntingdon 
aud Dedfor<.l counties tlie Barnet bed is supposed to be the equivalent 
of the Kittau11i11g Upper coal, although some authorities identify it with 
tile Kitta11ui11g Middle Ream. Farther northwest it is <:>f no importance, 
being , eldom exposed. 
Tlte Freeport Lower coal is the next in ascending order, and ranks · 
fourth in irnpo1 ta nee. It is persistent, but very irregular, in Butler 
county, bei11g workable in but few places, but sometimes attaining 
gre:-it tbiclrn{' s, rneasuriug 16 feet in one locality. In Clarion county 
it is of iimited extent, but is very good, and has been used in blast 
furnaces, also being ava,ilable for gas. Iu Armstrong county it is 
u ,ually uncertain and somewhat impure, but is available in some 
places. In Jl'il'erson count;y it is the source of supply of the Reynolds-
ville basin, and is the main seam in the county, being workable where-
e~er the hills are bigh enough to contain it. In Indiana county it is of 
less consequence, but in Clearfield and Cambria counties regains its 
importance. In the former it is the celebrated Moshannon vein, being 
nearly always a good coal, while in the latter it is mined extensively 
b., the Cambria Iron Company at Johnstown. In Centre county it is 
nowhere opened. It is jdentified by the best authorities with the 
Kelly seam in the Broad Top field. It is also workable in parts of Elk 
a1Hl Cameron counties. 
The Freeport Upper coal i8 workal>le in parts of :fifteen counties, and 
rank, third among the productirn seams of the State. It is of consid-
eral>le importance in the ea tern Lalf of Butler county, but west of this 
:i,.,; of less --valu.... ln Armstrong county it is generally uniform, regular, 
and pure. In Clarion county the bed underlies a limited extent of ter-
ritory, bat tlrn coal is·very good, and has been used in blast furnaces. 
In Jefferson county it is unreliable, but in Iudiana county it is the chief 
coal, being good and thick. In Cambria county it is a good steam coal, 
and is mined considerably; in BLlir county, however, wllile possessing 
the same character and being generally 5 feet thick, it is not mined to any 
extent, owing to the great superiority of the 1\1.iller or Kittanning Lower 
seam. In Somerset county it .bas a fair thickness, an<l contaius a consid-
erable amount of a,·ailable coal. In Olearfielcl and Ceutr<:' counties it is 
generally good, but of limited extent and importance. A considerable 
amount of coal in the two Freeport beds is accessible in Allegheny 
2MR--G 
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county, but it is generally inferior in quality and receives little atten-
tion. 
The Millerstou·n bed, the highest of the Lower Pro<luctive series, is 
Ioc~-lly workable in Butler county, and is not of wide importance. 
In the Lower Barren Measures occur se\'"eral beds in Indiana, Somer-
. ,et, :rnd ButlH counties, attainiug workable size over a limited area, 
mid in Armstroug and Beay·er counties there is also a small quantity 
of workable coal in these measures. These seams, however, will prob-
ably uever attain great commercial importance, and will be mined 
chiefly to supply the local demand. 
The Pittsburgh coal bed, a't the bottom of the Upper Productive Coal 
J\Ieasures, is the best and most valuable seam of the bituminous coal 
nrea. It ranges from 3 to 9 feet in tbicknes8, and, according to tlte 
estimates of Dr. Chance, contains nearly one-third of the available bitu-
minous coal in Pennsylvania. Its most extensive areas are found in 
Fa;yette, Washington, Allegheny, Westmoreland, and Greene countie', 
1-1mall areas al 'O occurring in Indiana, Somerset, and Beaver counties. 
The purity an<l quality of this coal and the excellent charac.:ter of the 
coke made from it-the famous Connellsville-render it much more val-
uable than any other seam. This bed alone, of all the beds in the Up-
per Productive coal series, has such narrow limits of variation, as to be 
au available bed throughout the district, wherever it is within reach. 
lt nowhere becomes too thin or too impure to repay working, and main-
tain its quality with remarkable persh,tence. The fact that it is acce ·- . 
·ible nearly all tbe way along- the Monongahela river from the State 
liue to Pitt burgh renders it immensely more important in a commer-
cial way, owing to the cheap transportatjon which is thus afforded. 
With rare exceptions this bed is double, consisting of a roof and a 
lower divi ion, eparated by a clay parting; and a bituminous shale, 
from 8 to 12 inches thick, is frequently found resting on the roof. The 
roof <li i ' IOU of the vein varies greatly in thickness, ranging from 2 
iu ·h , to 8 feet, with a generally greater thickness towards the north 
of tlJ field . Occa ·iona11y it is a ingle bench, but commonly it contains 
two r more b ~uch , , separate<l by clay. The coal is invariably poor, 
owing t the large proportion of ash. The lower division of the vein 
'ari : from 31 to O feet in thickne -i-., and is divi<led by three persistent 
lm thin partinrr.• iuto four benches. The top or "upper" bench i' the 
tliicl lwucu, arnl u,·ually yi Id· tlte be t coal. The -ecoo<l or "bear-
i11g-iu" l> n ·lJ rnri ·,· from 2 to 4 iuche ·, lmt i · invariably <li tiuct, except 
wh.er tlJ bed i: , hlock c al and all tb partings are mi sing. The 
nam i ar pli d b ·au,' on thi bench the miner work in to gain a, 
fa· a aiu, whi ·h t b1-ing nt th otb r portion of the bed. 'l'he 
n rall · g od, hut in remoYal i · r duced to ·lack. Tlie third 
r : rick' b u ·b i.· ·harnc;tel'ize<l h;v ·leavagr Jllaue8 wlnch break tlJ, 
· al int bl ·k: iu , iz · aud . hap<• lik, a ·ommon brick, whence the 
Jt ril'1 .·: g< ocl e<>al ltitnll.Y inferior to that from th"" upper 
COAL. 83 
bench. The coal of the "lower bottom "bench, the lowest, is generally 
infer ior or worth 1 s. 
A tat cl th total thickness of the Pittsburgh coal bed ranges from 
3 to !) fe t. In the , onth astern part of the district the total thickness 
i fr m 7 to Of et, l>eing greare tat Brownsville, where the roof meas-
ures 4 inche and the lower <liYision O feet. In the vicinity of Pitts-
bnrgb and the adjoining portions of Allegheny county it varies little 
from 5½ £ et, while in northwestern Washington county it ranges from 
.:3½ to 5 fe t, the former thickue s being found at Midway, on the Pitts-
lrnrgL, Cincinnati and Saint Louis railroad, where the coal is a block. 
The coal from the lower division of the Pittsburgh bed is somewhat 
brittle, rich in combu tible matter, contains a varinible percentage of 
ulphur, and coke . In ome portions of the district it exhibits layers 
of cannel near the top, and occasionally, as along the Panhandle rail-
l'oad in Wa bington county, mentioned above, it becomes a very supe-
rior block coal. 
The next three beds, in ascending order, are of but local importance. 
'l'hey ar tbc Uniontown, the Sewickly, and the Redstone beds, the first 
two being locally workable in parts of Fayette and Greene counties, 
and tbe latter in Westmoreland all(} Allegheny counties. 
The Waynesburg bed, the top coal seam of the Upper Productive Coal 
Measures, is a vein of great importance in Greene and Washington co un-
tie , and attains al o a good thickness in Fayette and Westmoreland 
counties. .According to Dr. Chance's estimates, it holds the fifth place 
among the coal be<l8 of the State in point of available fuel. 
In the Upper Barren Measures is found but one coal seam of commer-
-cial importance, the Wa ·hingtou bed, which attains its best development 
in Washington and Fayette counties, but is not persistent as a work-
ahle seam in any other county. This series of rocks contains several 
other seams, but they are usually very thin and of poor quality, although 
one, the Waynesburg A bed, may prove workable over a small area in 
Fa."ette county. 
Produotion.-From the best sources of information the following state-
ment of the production of bituminous coal in Pennsylvania has been 
prepared: 
Output of biturninous coal in Pennsylvania since 1873. 
Years. Long tons. I 
1873 ................................. - . 11, 6!)5, 3831 
1874 ......................... . . _ ....... 11,000,000 
1875. ... .. . ... . . . . .. . . . ... .. . .... . . . . . 10,500,000 
Years. I Long tons. 
1879 . ... . ... _ ............... ···-··.... 14,500,000 
1880 ........................... - . . . . . . 19, 000, 000 
1881.... . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 20, 000, 000 
1876 . .................. .... . . ........ - . 11, 500, ooo I 1882 . .... ... . . . .. . . . . . .. . . . . . . . . ... . . . 22,000,000 
]877 : ..... ............................ 12,500,000 l 8A3 .. .. .......... - . . . . • . . . . . . . . . .. . . . 24, 000, 000 
1878 ............................ - ...... 13,500,000 I 18 4.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25, 000, 000 
The following tal>le gives the detailed production of some of the most 
prominent bituminous.coal districts of Pennsylvania, together with the 
production of Uumberland (Jlaryland) coal, and the imports of l>itumi-
nous coal into the United States, as reported by the Pennsylvania Bu-
reau of Statistics: 
Stnti11lfr.~ <>/many of il1e bit11mi11011B-coal <lisldcls of Pem1syl1•a11ia, with the imports, at1d also the 01.tput of Cmnberland coal, in long t0118 . 00 
~ 
\"~m·s. Blossbnr,1?. Ilnrclny. Mcintsrt,. l3road Top. Snow Shoe. Clearfield. Monongahela.
1 McKean Co. Westmore- Imports. I Cumberland. Slack water. land. 
10 .. ........... 4. ~35 ............. ---...... ....................... --·-···----- · -------------· ·------------- .... ......... ...... .... .......... ... .... -------------· 162,867 HUl •.••••.••• ••. 25,906 ....................... ................... ..................... .................... -- ------------ -------------· ·----·····---- ...................... 155,394 . ...................... lili:l •.• .••• .••• •. 13, 104 ..................... ................. .................... -------------- .... ---------- ....................... .................... ---------·--- 141,521 1,708 llH:t •.••...••• ••. 6,208 ·····-···--·-· ·-----····---· ---·------ -·-· ·-- ----·-----· ·---------·--· -·--····-·-·-· ................... ·-----·--····· 41,163 10,082 Hll1 •.••••• .••••• H.234 ····-----···-· ···--···-··--· .................... . ................... ------·------· ·----··--·---· ------·--·-·-· ----------··-· 87,073 14,890 Hl1:, •• •••••.•••• • ~o. 830 .................... ..................... ······------- · ......... ........... .................. 184,200 ........ . ........... ·--------····· 85,776 24,053 l~-lij •• ••.••• ••.•• J0.500 .................... ..................... ··----·- -·---· ------·-···--· ..................... 311, 156 ....... ............. ·--------·-··· 156,853 29,795 JP.17 .•••• ••.•••• • 29,087 ...................... ··-----------· -------------· ---------···-· ··········---- 385,805 .................. . .......... --.. ----. 148,021 52,040 It-JS ••.••••.•.•.• 33. 702 ................... .. ...... -. --... - .. ..................... .................. .................... 392,774 ..................... .................... 196,108 79,571 lt!IO •• •••••.••••• 3~. 005 ·--------·---· ................... .. .. . ............ .................... --------·-···· 398,340 ................... ...................... 198,213 142,449 1~50 ••••.•••••.• 23,161 ................... ······---·---- .. ......... .... ... . ··------- ----· ....................... 491,918 .................... .................... 180,439 106, 848 
1851 •··••·• ···••· 25,000 ·--·---------· -----·····---- ................... . ...................... ........ ............. 490,850 ................ .. ... ................... 214,774 257,679 
t!;':5:! . ········-··· :!0, 000 ..................... ..................... ·---·······-- . .................. ----·--------- 585,233 ·---·······-·· -------------- 183,015 334, 178 a:: 1853 •••••• ••••••. 45. 507 ···········-·· .................... ..................... ---··-·····--- ------··--·---· 628,654 -- ---········· ................... 231,508 533,979 H l!l[>4 •• •.••••••••• 70,214 ------· --·--· ..................... ...... ... . .......... . ------·--··--· ................. 693,278 -----·····-··· ---------·--·· 252,865 659,681 z 18t,5 ............... 73. 204 .............. . .... -----·--···--· -----·-·-····· .. ............. . ..................... 880,360 -- ·------·--- · ..................... 287,408 602,272 t,:j 1S5ti . .••..•.•.•.. 70, OtiO 2,295 -----·---·-··· 42,000 ···- ·----·--- · ······ -- -·· -- · 353,364 ....................... -----·---·-··· 293,507 706,450 t:d 1$57 .•• .. ••..... !14, 314 0, 265 ....................... 78,813 ----- ·····---- ........... . ......... . 1,158,939 ......... ............ . ---------···-· 360,712 582,486 p,. 
l!,;,ll . ••••.•••• - •• 41,894 17,660 ..... ....... . ...... . 105,478 ................... ·------------ 1,027,860 .................... ---------·---· 396,628 649,656 ~ 1s:;o .. ......... .. 48. 592 30,143 ............... 130,595 --------···--· -------------- 1,131,467 ··-----------.- ....................... 403,928 724,354 18UO •••••••••••• 90, !HS 27,718 ...................... 186,903 . ............. --- ·········-··-- 1,517,909 ... --. - . -- ...... -. ................... 389,980 788,909 t:d 
l};ijl •.••• •••••••• 112,712 40,835 -------- · ··--· 272,625 ····-···--- --- --- ·----- ----- 834,630 .. ................... .................. 465,434 269,674 t,,,:j 
l!((i:! •••••·••·•••· 17!1, 334 52,779 ......................... 333,606 8,260 7,239 743, 358 ................ ................... .. 541,099 3L7, 634 00 
l~ti3 ....•.. ·•··•· 235, 1343 54, !i35 .................. . 305,678 12,039 24,330 1,134,570 ..................... ......... . .......... . 624,348 748, 345 0 
l~IH ............. H84, Oi7 62,058 . ----. ---. ---. 086, 645 33,593 65,380 l, 402,828 ..... ............... .. ······-------- 597,738 657,996 q l8(i,> ••••••••••••• 301,642 73, )97 .................. . 315,096 51,881 iO, 629 1,580,791 ... ..................... -----·-·-·--·· 696,193 903,495 t:d 
J81.i6 .........•... 411,750 09, 453 ······-·-····· 26:'i, 720 70,890 107,878 l, 704,212 ·-----·--··-·· ...................... 643, W4 1,079,331 a 
1~67 .....• ·••·•· t~~'. ~~: I 74,739 -----·-------· 244,412 58,137 169,219 1. 202,908 ................... ·-------··---- 521, ao5 1,193,822 t,:j 1868 ............ 73,075 ···•· ........ . 280,936 60,149 171,238 1,812,040 ---------- -·· .................... . 402,299 1,330,433 rn 
18ti9 •.••.... -- --· 715,094 180,610 ----------···· 360,799 89,356 259,994 2,100,504 --· -···------· .................... . 423,810 ], 882,669 
1870 ..••..••..... 733,035 273,335 17,808 313. 425 85,276 379,863 2,303,856 ..................... -----·-·-----· 420,683 1,717,075 
1871 ..••••..•••.. 816, OW 378,335 J06, 130 319,625 79,984 542,896 1,944,852 .. ..... .. ......... --·----------- 443,955 2,345,153 
1872 ............. 849,202 382,842 171,427 297,473 68,988 431,915 2,291,220 ·---·--------- . ................. . 490,681 2,355,471 
1873 . .••......... 991,057 337,644 212,462 350,245 95, 2,7 592,860 2,094,312 ·-- ------· ···· ............ ....... 456,015 2,674,101 1874 .•.......... 706,388 337,062 138,907 226,693 63,540 639,630 2,503,504 ............. -. .. 952,971 498, 028 2,410,895 
1875 . .•....•.... . 581,782 376,637 164,507 258,488 62,426 928,297 2,275,265 33,501 796,963 441,600 2,342,778 
1876 .•......•... 616,984 361,138 208,701 225,803 51,399 1,281,861 2,495,800 81,830 900,139 488,132 1,835,081 
1877 .......•.... 002, 245 340,099 183,715 194,881 42,985 1,374,927 2,677,460 73,222 786,039 498,275 1,574,339 
1878 ..•• ••. ··•·• 652,597 314. 320 15-!, 205 213,272 29,168 1,295,201 2,797,530 72,098 692,586 506,938 1,679,322 
1879. ····-· ....•. 874,010 382,504 127,632 209,523 56,654 1,631,120 '.!, 623,232 85,745 816,302 449,167 1,730,709 
1880 .•....••.••.. 921,655 402,866 216,225 2-17, 186 56,020 1,739,873 3,361,634 100,046 943,177 577,458 2,136,160 
1881 ............ 1,178,581 433, 83G 236,922 296,564 128,263 2,401,987 3,450,186 110,099 982,293 834,875 2, 261, 918 
1882 . ............ l, 165,604 398,576 209,858 370,211 233,708 2,838,970 4,057,384 n,834 1,278,121 774,425 1,540, 46li 
188a . ............ 1,217,870 371,010 184,552 241,211 I 257,230 2,857,710 4,339,492 75,000 1,399, 7G2 752,841 2,544,173 
1884 ············· 1,018,342 314,481 84,274 I 236,220 I 183,271 3,173,363 3,170,900 100,000 1,320,186 800,968 2,934, 97V 
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Working records.-Tbe following table shows the number of mines in 
operation, number of days in operation, hands employed, wages paid, 
ncl coal produced <luring 1884, compiled from returns made to the Bureau 
of Indu~trial Stath;tic of Pennsylvania: 
Condition of the Pennsyltani<i bitwrninous-coal mines in 1884. 
Counties. 
Average N b f I N b f I Number number ~m er O Amount paid um er 0 
of mines. of days persons em- in wages. tons of coal 
Alle~heny ....•. -----· ................. . 
rmstrong ............................. . 
Deaver .... . ... . ....................... . 
lletlford ............................ . ... . 
Blair ........................ . ......... . 
llra<lford ............. -.............. - .. . 
Dutler .................................. . 
•Cambria ....... . ........................ . 
-Cameron ..•....................••••..... 
-CPntre .................... .. . ... ··-····. 
Clarion ....... . .................•....... 
-C learfield ................... . ....... - .. - . 
Elk ..................................... . 
.Fa5 ette . ...... .. ....................... . 
Huntingdon ............................ . 
1u<liana ..... _ ....................... _ .. _ 
J effo1·son ......•......••...... . ..•....•.. 
!Lawrence . ............................. . 
l\lcKoan ...... . ... . ...... . ............. . 
Murcer .. . .........................•••.. 
."01nersot ............... . •..•..... ···-·· 
"1'1oga ......... . ......................... . 
Venango . ....... . . . . . ..... . ............. . 
Washmgton .. ...... . ................... . 
Vestmorelantl. .. . ........ . ........... __ . 
Total for 1A84 . ••..•• . •••••••..••••••••••• 
Total for 1883 .• - . ....... .. ....•. . ........ 





























operated. ployed. mined. 
157 9,228 $2,988,391 2,863,631 
256 343 11~, 822 170,826 
159 635 167,794 156,695 
164 218 56,021 69,770 
274 487 172,723 · 208,541 
232 610 305,895 313,575 
179 339 117,090 151,335 
242 1,141 808,328 659,843 
217 100 18,729 13,652 
228 780 124,142 216,422 
]88 747 649,059 329,973 
183 3,742 1,105, 123 2, 177, 543 
253 785 388,998 413,243 
235 6,047 2,584,063 4,041,643 
224 451 ]64, 469 212,527 
306 62 24,148 30,758 
216 881 261-, 877 460,079 
128 192 37,382 42,818 
202 147 75,348 78,870 
160 882 293, 749 276,350 
212 359 122,086 269, 930 
171 2,386 887,366 931,922 
300 34 15,825 15,000 
186 2,499 702,253 707,262 
244 5,911 2,581,095 3,282,733 
213 38,906 14,752,786 18,084, 941 
207 45,454 I_ 17,014,624 18,729,817 
6 5, 5481 2,261,838 644,876 
Wages and strikes.-The years 1883 and 1884 were marked for numer-
ous dissensions between coal operators and miners in regard to wages. 
rrrouble occurred in several districts, notably in Clarion, Elk, and Olear-
.field counties, in the railroad mines in .Allegheny county, and along the 
Monoogabela river in Washington and Fayette counties. The disturb-
~wces in the railroad mines around Pittsburgh began May 1, 1883, 
when some 6,000 men stopped work, in resistance to a reduction of the· 
rice paid for mining to 3 cents per bushel. .Arguments were pre-
sented on the one side of pay already too small to provide necessities, 
and on the other of overproduction and declining prices. After numer-
ous fruitless conferences between committees of operators and miners, 
a'' trade tribunal" was formed under the Wallace act, and was licensed 
by the court. The tribunal, to aid them in coming to some conclusion, 
diligently collected much valuable information bearing on the subject 
of wages in the Pittsburgh and surrounq.ing districts, but were none 
the more able to agree upon a price, and finally, under a provision of 
the Wallace act, appointed an umpire, Mr. John R. McCune, president 
of the Union National Bank of Pittsburgh, who, after duly considering 
the evidence placed before him, settled the question temporarily by 
"splitting the difference" and deciding that 3¼ cents per bushel should 
I 
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be the rate paid for mining. This rate was generally accepted, and pre-
-rniled for ome time. 
Iu 1884 another reduction was decided upon by the operators and 
obj cte<l to by the miners. .After much dissension the tribunal was re-
vived, aml Mr. Jo eph D. Weeks, secretary of the Western Iron .Asso-
ciation, was elected a umpire. This gentleman rendered a very able 
and logical deci ion, fixing the rate at 2~ cents per bushel for the time 
at which the decision was made, and presenting a carefully considered 
liding cale for the future adjustment of wages, based on the selling 
price of coal at Pittsburgh. This sca1eranfrom$7.75 perlOObushels, at 
which price the wages for mining were to be $4.60, to $4, at which the 
wage were to be $2. This decision was made February 11, 1885. Un-
fortuuately for the miners, they came to the conclusion that they could 
by triking obtain better rates ·than the scale provided, and accordingly 
th award was not approved aml a strike was begun, which lasted until 
the latter part of .April, when the miners yielded and work was resumed 
in the railroad pit , generalJy at lower prices than the scale presented by 
the umpire provided. 
Disputes between the operators and miners in the "Fourth pool" of 
the Monongahela river- that part of the country lying along the river 
be.tween dams Nos. 4 and 5- arose in 1883, and arbitration commit-
t w re appointed. These were unable to agree, and selected Mr. 
"\\ e k · as arbiter or umpire, the proceedings, however, not being under 
the Wallace act, but of the nature of private arbitration. Mr. Weeks 
gav hi d ci ion on December 22, in favor of the miners' position, the 
qu . tion being the proportion which should exist between the price paid 
for mining m tu " Fourth pool" and that paid in the " Second pool." 
Th miner , who held that the difference between the two prices should 
r wain¼ cent, w re upheld by the decision. The operators refused to 
bid• by th award, and a trike occurred. Some of the mines sue-
. d •din inducing th ir workmen to re 'ume at 2 cents per lmshel, the 
pri · d •manded by the op rator , and the striking minern strenuously 
n<l •avo1 d to in<luce all who were at wol'k to '' come out" and render 
th 
COAL. 87( 
Th following tabl showing the rates of wages paid in the railroad. 
mine of Allegheny county for a serjes of years has been prepared by 
::\Ir. Sa ward: 
Prices paid for rnining Pittsburgh coal. 
[Price of uoal ruining on railroads ent •ring city of Pittsburgh, for coal ruu over a l½·inch screen. Per-
' 100 busl.Jels, 76 pounds per lmshel. I 
Months. 1875. 1870. I 1877. I 1878. / 1879. I 1880. ! 1881. I 1882. I 1883. 1884. 
-------------------------------
Ja11uary ......... . $2.75 $2.50 : $3.00 $2.66 1 $2.66 
1 
$3.50 I $3.50 / $4.ilO / $3.50 $3.50 
F •u1·u:n-y . . . . . . . . 2. 50 2. 50 3. 00 2. GO 2. 60 3. :50 3. 50 4. 00 3. 50 3 fiO 
:March ..... .. .... 3. oo :u,o 2: 50 ,um ::l. 50 a. 50 3. 50 4. 0t' 3. 50 3. 50 
~i\pril . . • . . . . . . . . a. 00 2. !ill 2. 50 ~- 50 2. 28 a3. 50 3. 50 b4. 00 3. OU :: gg 








2. 28 8. oo 3. 50 4. 00 8. 00 
3
_ 
00 June . . . . . . . . . . . 3. Ou I ,, v 2. 50 2. 28 3. 00 8. 50 4. 00 3. 00 




2. 50 2. 50 1. 90 I 2. 28 3. oo 8. 50 4. oo 8. oo 3. oo 
August . . . . . . . . . . " 2. 50 8. 00 1. 90 2. 28 8. 00 3. 50 3. 50 3. 25 8. 00 
. eptomber .. . ... . . 2. 50 2. 50 3. UO 2. 28 2. 40 3. 00 3, 50 3. 50 3. 25 3. 00 
October. . . . . . . 2. 50 2. 50 3. 00 2. 28 I 2. 75 8. 50 4. 00 8. 50 3. 50 3. 00 
~'overnber ........ 
1 
~- 50 2. 37 8. 00 2. 28 '! c8. 50 8. 50 4. 00 8. 50 8. 50 3. 00 
December . . . . . . . 2. 50 d 2. 00 3. 00 2. 28 3. 00 8. 50 4. 00 8. 50 8. 50 3. 00 
Average . . . . 2. 77 . 2. 45 I ~ ~ 2. 57 I 8. 20 I 3. 6~ 3. 80 I 8. 28 3. 12½ 
a $3.50 unril April 20; thou reduce-cl to $3. 
b Strike in all Pan·l.Jandle mines from April 1 to August 15, against a reduction from $4 to $8.50. 
MinerR acce1,ted reclnctiou. 
c Paid according to u ci><ion of boarcl of arbitrators. 
d Tllreo prices this month, viz., $1.75, $2, and $2.25; average, $2. 
Ranged from $l.75 (in December, 1870) to $5 (1872 and 1873). 
General avera~e for teu years, $3; f ,,. last :fivo years, $3.42 . 
..at minos that pay for the unsc1·eenNl coal the price is adjusted as follows: 8 cents per ton of 2,000 
pounds for each 50 cents per 100 bushel8 of 1½-inch screen coal. 
Price of coa,l at Pitt8b1,rgh. 
[Price of coal run over l½·inch screen, froe 011 hoard cnrs union yard, Pittsburgh. These prices are for 
100 bushels, 76 pounds per bushel.] 
Months. 1875. 1876. 1677. I 1878. 1879. 1880. 1881. 1882. 1888. 1884. 
,January ..•..... . . 
Fobru:uy • .. .. .... 
.d:arch ..•. ........ 
.April ..••......... 
May ............ . 
,Juno ... . 
Jul.,· ............ . . 
Angui;t .•........ 
."eptember ....... . 
October ......... . 


























- $6. o-;I $5. 75 
5. 75 4. 75 
5. 75 4. 75 
5. 75 4. 75 
5. 75 4. 75 
5. 25 4. 76 
5. 25 4. 00 
5. 75 4 00 
5. 75 4. 00 
5. 75 4. 25 
5. 75 4. 25 









































































A. vcrage.... 5. 87 5. 25 1 5. 60 4. 52 5. 15 6. 20 6. 70 1-0~ 6~ -5.50 
a Price nntil April 20; then reduced to $6. 
u Prico aclvancecl on account of decision of arbitrators. 
General M·erage for ten years, $5.78; averaie for last :five years, $0.28. 
The above prices are for coal clelivored in individual cars only. 
RHODE ISLAND AND MASSACHUSETTS. 
The New England basin has been estimated to cover 500 square miles 
in the States of Massachusetts and Rhode Island. The coal, of which 
about a dozen beds exist, is described as a plumbaginous anthracite. 
The whole thickness of the Coal Measures of this field has been esti-
mated at 6,500 feet, and that of the Coal Measures proper at 2,500 feet. 
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Pa1eoutological evidence seems to indicate that the coal corresponds 
with that of the well·k11own .Mammoth anthracite vein and the Lower 
Freeport bituminous vein, in Pennsylvania. 
TENNESSEE. 
The area of tbe Appalachian coal field contained in the State of Ten· 
ne ·see is 5,100 square mHes. ThP. sarue formations in which coal is 
found in Penn~ylvania contaiu coal in this State, and, in addition, for-
mation XI., the Umbralred shale of Rogers, below the Conglomerate, 
contains several workable seams of coal ·of excellent quality. The 
usual classification of the Coal Measures has been into Upper and Lower 
Measures, the division being made on the thick Conglomerate which 
forms the Cumberland table land or plateau. The more proper classi-
fication, and one more in unison with those ofother States, is into Upper, 
Lower, and sub.Conglomerate Measures. This would seem to be more 
proper, as it is stated that the fossils of the seams immediately above 
the Conglomerate are identified with those of the Lower Coal lWeasures 
of Ohio and Pennsylvania. The chief seam of coal in this State is the 
Sewan13e seam, which furnishes a greater amount of coal than any other 
single SAam in Tennessee, and has all the qualities that combine to make 
a useful and valuable coal. It varies in some of its characteristics and 
constituents in different localities, but in general is a good steam.mak-
ing coal, makes a hot, durable fire in a grate, and is nearly free from sul-
phur; it also makes a good coke. It is the only seam in the Lower 
Measure (adopting the more accurate classification) which is of value 
in the outheru part of the State, and is mined extensively in the ,i. 
cinity of Tracy City, in the Little Sequatchee valley, and at many other 
point about the headwaters of the same stream, as well as at other 
places in the outhem portion of the field. In the northeastern portion 
of the field the measures abo,e tbe Conglomerate contain eight work. 
able seam . The ub.Conglomerate veins are usually three: the slate 
vein, the lowest, i from 1 to 3 feet thick, and is very hard and lus-
trou ; the Cliff vein, lying GO to 80 feet above the slate vein, varie 
from 1 to 12 feet in tbickne, , and in hardness resembles that of the 
late vein; the sub.Conglomerate vein, just below the division hetween 
the Lower and sub.Conglomerate Coal Measures, is too thin to work 
at the outcrop, but is very per istent and affords excellent coal. The 
tran portation facilitie , together with the production of coal, are 
increa ing rapidly. 
Production of coal in Tennessee since 1873. 
Years. Long tons. I Years. 
___________ , ____ 1:r --------
1873 . ·-· .. . ........... ····-· ......... . 
187 . .. . ..... •...... . . . ··· · ···· · ······· 
167 :: :::::: ::: ::::::~::::: :: :: :: :::::: 
1&77 ••••••••••••••••••••••• ····-· ···-·· 







1879 . ... ••••••.•.....•.•••••........•. 
1880 . ..•••.•.•.•...•.. ••·••• ......•... 
1 1. . . ....... ·····• ................•. 
1 2 . ...................••.. ······ .... 
1883 ••··· ··••••·•••·· .•••.•.•.•...•.. 










The coal :fields of Texas are coming quite prominently to the front, of 
late years. Tllere are three very large and promising fields in the 
Staite-the Red River, the Rio Grande, and the Pecos districts. In the 
first of these di tricts are em braced the counties of Montague, Clay, 
vVise, Jack, Young, Shackleford, Palo Pinto, Parker, Erath, Comanche, 
Ea, tland, Callahan, Brown, Coleman, Runnells, McUulloch, San Saba, 
and Menard. The same coal also crops out at various places in Bnrnet, 
Mason, Llano, and Tom Green counties, and they may therefore be con-
sidered a part of the same district. . 
As this State bas newr yet had a geological survey, the extent of her 
coal strata is not wen defined. lt is ~mpposcd, however, to embrace 
about 30,000 square miles in the northern anu western portions of the 
.State. Over this great area coal bas been found at many places, but at 
no place has it been mined except to a Rmall extent. It is a bituminous 
coal, and almost, if not quite, precisely similar to the McAlister coal 
of t.he Indian Territory. Some anthracite is said to have been found 
in this coal :field. The railroads are now penetrating the coal forma-
tions of Texas, and this great source of wealth will soon doubtless be 
rapidly developed. In addition to the true coals of Texas, there is an 
immense bed of lii?;nite, which extends apparently across the entire 
State from northeast to southwest. It is said to be at some points 20 
feet thick. This lignite much resembles cannel coal. Extensive devel-
opments of superior coal have been made at and near Laredo. This 
city is on the line of the Rio Grande and Pecos railway. On this rail-
way, near Laredo, and on the coal lands belonging to the company, sev-
eral mines have been opened, two of which on the railroad company's 
land, known as the Hunt mines, were recently producing 130 tons per 
day, whicli output coulu easily be doubled. The thickness of coal in 
the Hunt mines is from 18 to 26 inches. Three workable veins of coal 
are beliewd to exist on the property, tests having indicated their pres-
ence. The price paid for mining is necessarily high, hut such is the 
scarcity of fuel in this region that prices sufficient to realize profit can 
easily be obtained. · The coal shows a marked absence of sulphur and 
burns freely. This State probably produced 125,000 tons of coal during 
1884. 
UTAH. 
The earliest coal developments made in Utah were at Ooalville, Sum-
mit county, where in 1864 operations were commenced at what is now 
the Acme mine of the Acme Coal Company. The vein l.lere is 12 feet 
thick, being opened at two places. About 100 men are employed, and 
the product is consumed chiefly at Park Oity in operating silver mines 
and mills. Many other mines are located near Coalville, on the Weber 
river. 
The Pleasant Valley coal is also a well-known coal, and is probably 
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the be t coal mined iu Utab. The mines are two in number, are owned 
by the Denver and Rio Grande Railway, and are located at Scofield, 
about 115 miles southeast of Salt Lake City. Other companies have 
op ued mines in the same vicinity, and the production is becoming very 
laro-e. 
Another less-known butold mine is the San Pete Valley mine, in San 
Pete county, nearly 100 miles south of Salt Lake City. This mine has 
ueen opened in a srna 11 way nearly twenty years, and is worked only to 
apply a local demand. The vein is 5 feet thick, and affords a hard, 
bituminous coal. 
South of Pleasant valley a few miles is Castle valley, where, as well 
as in Iron county, farther south, very large deposits of coal have been 
<liscovered. The remoteness of these from transportation will, however~ 
long delay their development. 
A full discussion and analyses of some Utah coals, with other particu-
lars, will be found in the first volume of this series. 
VIRGINIA AND WE ST VIRGINIA. (a) 
Owing to the fact that :five-sixths of the coal area of Virginia lie in 
the great Appalachian basin, and are intimately connected with the por-
tion of that basin which covers the State of West Virginia, the two 
State will be con idered together. In these two States are contained 
about 17,000 square miles of the Appalachian basin. The principal 
di ·tricts in which the bituminous coals of this basin are mined are along 
th Ohio river, along the Baltimore and Ohio railway from Preston 
c unty, W ·t Virginia, we t to the Ohio, and on the Great Kanawha 
and New rfrer , thi latter district extending south into Virginia and 
lJ iug by far tlie mo 't important. The Elk Garden field, on the upper Po-
toma9 riv r, on th diviuiug line betwe n the two States, is growing in 
imp rtance. In tlrn nortlJern part of the division of the Appalachian 
ha. m contaiu din th e two States the coal of formation XIV. are 
min d and in the outh •ru part the Lower Measures and the Oonglom-
·rat , formation No . XII. and XL, furni h the chief supply. 
The Pitt burgh coal b cl i of gl'eat importance in the northern part 
of 'YV t Virginia, b iucr th clJief ourc . of upply. It is generally of 
gr at tlli ·kn ,· , a,T raging from 8 to 10 feet. It is of great value at 
\Yb. · ling furui hmg- fuel to 'upplv ller exten ·ive iron and nail .mill , 
bla 't fnrna · . and gla work,' . I i, the coal which is mined cbiefls 
al n(1' th hio riY r, and i.· tli chief product of the mine along foe 
ltimor and Obi le ih ay, the pro luct at Fairmount, Olark burg, 
, n l .,. wburrr 1 inrr lar ely u · cl for making ga . Pa' ing fartb r 
•a t it i · fi uu a int rrnl. · tLrnugb u th 1 otomac-Oheat field, attain-
in in th •'lk ard n fl ld < thicku ,. . of 1 feet of merchantable coal, 
1ar ly xc 11 • 1 a ·. in°· on to the northeast, it ap-
Kanawha vall y of Wet Virginia, 
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p ars a the well-known coal of the Cumberland or George's Creek dis-
trict, iu :Maryland. 
The ba in of the Great Kanawha river, however, as has been men-
. tioned, i the chief location of the bituminous wealth of Virginia and 
West Virginia. In this basin the Coal Measures of the great Appalach-
ian :field attain th ir greatest thickness, contain the largest number of 
workable bed of coal, and aggregate the greatest thickness of coal. 
The Uoal Measures ot the Great Kanawha basin have been carefully 
"tu died, and the several beds identified iu most cases with those of the 
P nn ylvania bituminous-coal district, by Prof. I. C. White, of the 
United States Geological Survey, to whom this report is indebted for a 
large proportion of the information which follows in regard to the Ka-
nawha :field. 
The following summary is compiled from a generalized section of the 
Coal Measure rocks along the Great Kanawha made by Professor White, 
and shows in a general way the number and total average thickness of 
the evcral bed in the district, together with the thickness of the for-
mations which contain them: No. XV., 274 feet of measures, 2 beds, 14 
feet of coal; No. XIV., 806 feet of measures, 5 beds, 18 feet of coal; 
.i: o. XIII., 976 feet of measures, 8 beds, 26 feet of coal; No. XII., 1,310 
feet of m easures, 4 beds, 10 feet of coal. 
In many cases beds are found ranging much above the thickness 
taken as the average, and also are often found displaying a division 
into two or more bed ; the above is simply an exhibit of the average 
number and thicknes of the bods. 
Commencing with the Upper Coal Measures, formation XV., two 
ueds of coal are found, hut one of which is of commercial impor.tance. 
The Waynesburg .coal, at the top of this group, is found along the 
rfrer bills near the center of the great Appalachian trough, and was once 
opened alJ(l mined to a small extent near Arbuckle. It does not exceed 
;3 feet in tllickne " anywhere on the Kanawha. Not more than half of 
this is pure enough to use, and the bed is often absent entirely, so that 
economica11y it is of no importance. 
The Pittsburgh coal, tlle lowest member of No. XV., bas been success-
fully mined for mauy years at Raymond Oity, where, aside from the roof 
coal, it bas a thickness of 5 to 6 feet. Its :final outcrop to the soutll is 
on Two-mile run, below Charleston, 4 miles back from the river, and 
bence it has been mined only in a small way, for country use and for 
hauling to Charleston, 6 miles distant. The coal i8 a '' splint" of most 
excellent quality on Two-mile run, and is greatly prized for domestic 
purposes. The thickness of the main bench is seldom less than 51 feet, 
and often exceed G, and since its area spreads from Two-mile across to 
the Pocatalico at Sissonville, and thence to the Kanawha at Raymond 
Uity, there is evidently an important coal field awaiting developmeut 
here when railroad facilities shall have rendered it accessible. Wllen 
followed down the Kanawha river from the region of Raymond City, 
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the Pittsburgh coal develops a teudency to patchiness, tha·t is, it is either 
ab ent entirely from large areas or too thin and uncertain to warrant 
mining. Just before it disappears below the KanawLa river, how-
eYer, it comes in again 5 miles below Winfield, and has there been mined 
by lVfr. Boyer, at Oak Ridge. 
Tl.le Lower Barren .Mea&ures contain five coal horizons. Of these, the 
upper two, corresponding to the Elk Lick and Bakerstown beds, fur-
ni 11 nowhere in the region coal of any commercial value. The Brush 
Creek bed, however, in the .Mahoning sandstone group, is as persistent 
here as in Pennsylvania and Ohio. This coal comes up to the Kanawha 
below the mouth of Elk river, and below Charleston station exhibits 
the following structure: 
Ft.In. 
Coal.............................................. ................ ........ ........ .............. 0 6 
Black, sandy slate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 2 6 
Coal.................................. .... ................ ................... ................... 1 6 
4 6 
This coal i thin, irregular, and of no importance in the immediate 
vicinity of Charleston, but going south from there 3 miles it thickens 
up to from 3 to 4 feet and has been successfully mined for local nse. 
Still further south, in the vicinity of North Coal burgh, it swells up to an 
immense thickness, and is usually called the "Big bed,'' exhibiting the 
following structure there at one opening: 
Ft.In. 
1. Coal........................................... ................ .......................... . .... 1 6 
2. Black elate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 6 
3. Coal {good splint.) . .. . . . . . . . . . . . .. . . . . ... . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 4 2 
,t. hale .............................................................................. . .......... 2 6 
5. Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o 6 
6. hale......................................................................................... 5 O 
7. Coal . ... . .. ................................................................... ........... .. ... 3 6 
17 8 
No. 3 i the valuaule portion of the Brush Creek bed, since it i a 
"block" r ;, snlim '· coal or rnry fair quality. It bas not been mined 
for ,'hipm •nth 1· lol'ore hecau ·e of its inaccessibility, occurring as it 
<lo in the top · Ot the bill ' , 750 feet to 800 feet above the Kanawha 
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6 feet thick at Cannelton, bnt the upper portion is split up with part-
ing , o that only 4½ feet of good coal is obtained from the bed. 
Near the mouth of Armstrong creek, at an elevation of more than 
1,200 feet aboYe the Kanawha riYer, this bed shows a thickness of 54 
iuches of clean coal; uorth ward from Cannelton it becomes thinner and 
poorer in quality, and in the Yicioity of North Coalburgh is only from 3¼ 
to 4: feet thick, and i not there regarded as a workable bed. 
The l\liddle Uaunelton coal is a valueless seam which immediately 
o~,erlies the ' Black Flint," at th~ bottom of the Barren Measures, and 
seems to be rather persistent, but being slaty and worthless bas never 
been mined. 
A remarkable feature in the geology of West Virginia is the great 
tbicknes of certain series of strata ~s compared with the same forma-
tions in Pennsylvania. Thus, the Barren Measures average about 800 
feet iu thickness in West Virginia, but average in western Pennsyl-
yaufa but GOO feet, and in Ohio much less. Similarly the Lower Coal 
l\1easures sometimes sbow in this St.ate a thickness of 1,100 feet, while 
in western Pennsylvania the maximum is 350 feet. With this much 
grca,ter thickne , however, there are found only six beds, the same 
number that occur in western Pennsylvania. In these six beds of the 
Lower Coal Measures are stored up all the valuable fuel found in what 
i generally k!)own as the Great Kanawha coal field. This field 
stretches along the Kanawha river from Charleston to the mouth of 
Gauley river, a distance of 40 miles, following the course of the stream. 
Tlle highest bed of coal in the group rises above water level at Charles-
ton~ and at Gauley river the lowest one just overshoots the mountain 
tops. 
It must not be supposed, however, that all of these six beds furnish 
valuable coal along this entire distance. A prominent characteristic 
of all tbe six beds of XIII. in the Kanawha valley is their variableness 
both in tbiclrne s and quality. A certain bed may prove excellent on 
one property, and on the adjoining land thin away to a streak, be split 
up with parting , or disappear entirely; and as this may happen to 
ernry one of tbe six beds, it results that seldom more than two are 
workable on the same property, and sometimes none. 
These irregnlaritie are referred by Professor White to the rapid sub-
idence and deposition of sediment, by which 1,100 feet of rocks ac-
cumulated there in the same time that 250 to 300 feet accumulated 
in Ohio and Pennsylvania. This accounts satisfactorily for all such 
phenomena as the splitting of coal beds by shale and rock dPposits ; 
their thinning away and disappearance over wide areas; the fact that 
only one or two good beds are found in the same hill; and all other fea-
ture by which this region differs from other coal fields of the country. 
The highest member of the No. XIII. coals, called the Lower Cannel-
ton by Professor White, but corresponding in every respect to the 
Upper Freeport coal of PennsylYania, rises above the Kanawha river near 
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the Charleston ferry, where it has a thickness of 3 to 4 feet, including 
parting lates, and is in structure about half way between cannel and 
ordiuary uituminous coal. It seems to contain rather too much sul-
phur, antl hence is not mined except for local use at a few points, though 
it formerly furnished a considerable quantity of fuel to the salt furnaces 
betweeu Charleston and Malden. About 4 miles above Oharleston it 
thins away to only a few inches of worthless stuff, and is found no more 
in workablecon<lition until Coalburgh is reached, 19 miles aboye Charles-
ton, where two benches of coal are found, separated by 25 to 40 feet of 
rocks. The lower bench is 3 to 4 feet thick and bas long been called 
the "Lewiston seam," under the mistaken idea that it was the same 
bed as that once mined extensively at Lewiston or Winifrede junction, 
on each side of Field's creek. The upper bench is 2! feet thick at North 
Coalburgh, according to Mr. C. 0. Lewis, but neither it nor the lower one 
has been mined in that vicinity, the lower beuch being too impure and 
the upper too thin. At the Crown Hill mines, below Paint creek, the 
upper bench seems to have thinned away, and the lower one bas devel-
oped into an excellent, quality of "splint" coal, 3 to 4 feet thick. In 
the rh"er bluff below the moutll of Hughes creek this bed attains a 
thickness of 5~ feet, the most of which appears to be good splint; but 
further up the Kanawha it gains quantity at the expense of quality, 
and in the vici1i1ity of Upper creek it attains a thickness of 11 feet, but 
tlie little good coal is so interstratified with worthless stuff as to be value-
le s. At Cannelton, 2 miles above where it shows such a remarkable 
thickn 8, it undergoes another great change, the lower half being ele-
v loped into li to 4 feet of most excellent cannel, while 2 feet to 2½ feet 
of bi tuminou coal rests immediately on top of the latter. The coal 
ha long b en miued here, and bas received its local designation of 
" to ·kton ·annel," from the former owner of this property. 
•urth r p the Kanawha from Cannelton this coal thins away again 
t a thin b(•d, and is mined no more, though its outcrop does not pa s 
into thr air u11ti1 heyoncl Mount Carbon. 
Tile next coal b d l>elow the one last described is known in the Ka-
nawha, rnll ya' tl.l oalbnr<rh seam, from its development at the village 
of that 11ame, 1D milt'· a born Cbarl to11, but corre ponds stratigraph-
i ·all~· to tb Low •r Fre port coal of Penn ylvauia and Ohio. 'Ihis bed 
i · al vay. douhle and .·ometimr, triple. ·where it fir t ri. es above the 
'h '-'•ll>t•ak and Ohio railway on -fourth mile outb from Porter branch, 
it i: .-plit into two or three wortblr · layer b. 25 to 30 £ et of sand-
t n •: and .- lial •; , an 1 tb . .-c parting cl n tbin out and bring the 
· pnra te lay 1.· of ·oal cl · 11 ugh tog th r t warrant minfog until 
in 1i 11 igb b rh ocl of th Dani 1 on ·alt work,, 3~ mil above 
harl :ton. · ·r • thi: ·oal i. ' min 1 iu thr nch ·, ea ·h 12 to ... 4 
in ·h · · thi ·k a11cl · parat 1 h · r ck lav r of 2 t 24 incl.le thickne . 
'h ·oal i · kn w n a. th r k,· Y in ' and j min cl for u at th 
< lt f ma ~ . Pa ·. ing up th riv r fr m th alt work Urn coal 
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again b com worthl s' along tlle river hillR by the great thicken1ng of 
it parting , but at the now Hill salt works the partings ha Ye thinned 
away to a mall thiclrne and tlrn bed is again workable. This same 
productiY belt ·eems to stretch tllrough t~ the first branch of Campbell 
er ek, along a tributary of which tb1s coal Las nry much the ·same 
~trncture a, ·een at the Snow Hill and Boone mines. From this point 
ou up th Kanawha, however, the bed splits up and is worthless until 
Coalburgb, the region of its greatest development, is reached. Here 
it ha, been succes fully mined for a long time on both sides of the 
rfr r, and i characterized by the following structure from above down-
war,l: 
plint coal...................................... .... ...... ............... . . . . . . . . . . . . .½ foot to I foot. 
'· Niggrr head" . ....... .. ................................ "......................... . ¼ foot to i foot . 
• plint coal .... . ....... ....... . ..................................................... 2½ feet to 3½ feet. 
Shalo . ... . ..... . . ....... ..... .. ............................................ . ........ 1 foot to 8 feet. 
oft coal .... ... ... .. ............................................................... 1 foot to 1½ feet. 
"The term ' Nigger head,'" says Professor White, " is used by 
the Kauawha miner to designate a hard, heavy, impure coal, often 
re-embling c:rnnel, which to the unpracticed eye can scarcely be distin-
gui bed from genuine c al, but which on the fire refuses to burn up, and 
remains a a olid block after its carbon has disappeared. It evidently 
ow s it, origin to an inva ion of the old coal marsh by sediment (fine 
and and clay). The Kanawha coals are much injured in value by this 
1mb tance, since it occurs to a greater or less extent in the upper three· 
b ds of No. XllI., and it removal is necessary, however troublesome 
or expensive it may be. The great heaps of refuse about Coalburgh 
and other mines along the Kanawha are composed largely of this ma-
terial." 
The oalburgh bed continues up the Kanawha river from Coalburgh 
in rather fair <levelopment, with only occasional barren patches,' until 
within 2 or 3 miles of Cannelton, when it again deteriorates and becomes 
worthle , although exhibiting a thickness of 5 to 6 feet on the Carmel-
ton Coal Company' property. Its outcrop passes into the air near the 
mouth of Loup creek, but the coal has there thinned away almost en-
tirely. 
The third important coal horizon of the Lower Coal Measures is locally 
called the Winifrede bed, being very extensively mined near Winifreffe, 
on Fiel<l's creek, a tributary of the Kan aw ha, 13 miles above Charles-
ton. Its stratigraphical position corresponds to the horizon of the 
Upper Kittanniug coal of Pennsylvania, and tbe coa-1 is usually a 
mixture of " plint" coal layers interstratified with richly bituminous 
ones, tbe whole making a domestic fuel of excellent quality. 
The Upper K1ttanning or Winifrede bed first makes its appearance 
along the Kanawlia at the mouth of Wilson run, 2¼ miles above Charles-
ton, wh re it is 45 feet aborn the river and only 18 to 20 inches thick. 
It ha long since been abaudoned m this vicinity, however, on account 
of its thinness and large amount of impurities, and 1t really does not 
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attaiu workable dimensions until in the vicinity of Field's creek. A 
hort distance above this stream it is now mined on the north bank of 
the ri\'er, where it, is a most excellent coal. Above this point, however1 
tll coal thins down, and is not of workable thickness or quality untiJ 
in the region of Upper an·d Morris creeks, where it comes in again 
about where the Upper an<l Lower Freeport beds have become worth-
le s. This is the bed at the Kanawha Mining Company's works. frc;>m 
whicli the Chesapeake and Ohio railway engines receive .their supplies. 
At Coal Valley, however, 1 mile above the fatter locality, the bed 
has all disappeared except 15 to 20 inches of worthless matter which 
remains at its proper horizon, and it does not thicken up again to a 
workable coudit.ion before the horizon passes into the air above Loup 
creek. 
The Middle Kittanning coal is represented on the Kanawha by a 
'mall but ,Tery pure bed of splint coal of sufficient thickness for mining 
only between Simmons an<l Kelley creeks. It is extensiYely mined in 
the vicinity of Cedar Grove, 1 mile below Kelley creek, and has re-
ceived it._ local name from that village. The maiu coal is free from 
late or partings of any kind, but only 2 feet 8 inches to 3. feet 4 inches 
thick. It furnishes a splint coal of very good quality, though it is dif-
ficult to mine, since the only soft coal in it is a few inches at its very 
top. Tlli coal fir t rises above the bed of the Kanawha river about 
oue-balf mile below Campbell creek, and at the mouth of this stream 
wa once mine<l to a small extent. Iu the vicinity of Simmons creek 
it cl v lops into a workable bed, having a thickness of 40 inches of pure 
. pliut, but e m to di appear almost entirely in the vicinity of Cannel-· 
ton and nortll ward. 
Tile next coal bed, in de cending order, is one that bas long been suc-
·e ,,fnl)y mined on Campbell creek, in the vicinity of Malden, and it is 
g; n ·r lly known in the Kanawha ,alley as the Campbell Creek bed. 
lu 2tratigrapbical featur · and persi tence it seems to accord well with 
tb Lower Kittanning coal of tlle Pennsylvania column, and may be con-
1-,icl r d a i<lenticai with that bed. In the Campbell Creek region this 
be<l i ' fr m 4 to feet in thickue , and i ' usually subdivided into three 
eucli ,, by two ,' late . P a~!-\ing up the Kanawha beyond Malden, how-
\ r , lw late, u gin to tllick u and others make their appearance 
until tb upp r and l wer mem b rs of tbe becl are separated by 20 feet 
f ha lt .· , in which a 1hird Ja;yer of coal i generally found. This re-
markable 'XJ)an ·ion of th cl continue until, in the vicinity of the 
P •e rl ., . oal ' m1>any' · miu , 10 mil 8 above Campbell creek, the bed 
i: a ·tna11 · 07 f t in thi ·kn · · and ·ontah1 igbt or nine layer of coal 
alt rnat cl with . hal ·. lln t. on lay r f ·oal i mined by the Peerless 
J a1 ' mpany in tLi 07 f t of rod . lt i about 21 feet in thickne s, 
aud i , a · r ·, up 11 r ·a.· · al. ing on outb to tb Coal Valley re-
!!i u tlie r ·k i t rntl · wbi ·l epar te th member of the coal so 
· ·i el y at th tbiun d alrno. t compl tely away, and 
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on l\foni creek the e,eral colllponents come practically together again 
and form a bed 10 feet thick. 
'Ihe lower half ot the Uampbell Creek bed remains worthless until 
Blacksburg is reached, when the separated members fuse together and 
form a bed of good coal 4 feet thick. This is often called the Blacks-
burg coal, but it i only the lower half of the Campbell Creek bed, or 
that portion of this bed which lies below the Peerless member. 
The Coal Valley gas coal is mined from this bed, which also is worked 
at Ansted by tbe Hawk's Nest Coal Company, and at the head of Cabin 
creek. 
The lowest coal bed of formation XIII. corresponds stratigrapbically 
to the Clarion coal of Pennsylvania, and bas bee·n extensively developed 
at the Eagle mine , 2 miles above Cannelton, where it has pro,cd a su-
perior coking coal, and hence is generally known along the valley as 
the '' Eagle seam." It i also successfully mined at Frederick, the next 
statiou below Eagle. 
The productive coals of formation XII. are three in uumber. The 
Nuttall coal i tlle first workable coal bed found in dP-scending from the 
top of XII. ou New river. It bas been mined successfully for sever~l 
years at Nnttall station, <-n the Chesapeake and Ohio railway, and the 
coal is designated from that locality. For regularity and pe.rsistence 
this bed seems to surpass any of the coals of formation XIII., since it 
is ne--,er absent at it,s proper horizon after arising above New river, a 
short di tance beyond Hawk's Nest station. It is there, however, but 
2 to 2½ feet thick, and bas been mined to only a sman extent, This bed 
increa es regularly in thickness toward the south, and at Stone Cliff 
bas attained a thickness of 4½ to 5 feet. It occurs a few feet above the 
top of the great cliff rock, on the road leading from Prince station to 
Raleigh court-housP., where it is 5 to 6 feet thick, and trends away 
toward the Flat Top region in a seemingly persistent bed. It is every-
where pure and free from admixture of slate, anrl is a good coal. 
In the vicinity of Sewell station two more workable coals make their 
appearance in the No. XII. series, the upper one coming about 300 feet 
under tile Nuttall bed, and the other 100 to 130 feet lower. Both have 
been mined at Sewell, where they are each 3 to 4 feet thick, though quite 
irregular, the upper one thinning away entirely when followed into the 
monntain. One of the e beds has been extensively mined at Quinnimont 
- and the other at Fire creek, and they have been designated from these 
localWe . The two beds are never well developed at the same time, 
bowe~rer, and hence some doubt )·et remains as to their relative posi-
tion', some coal operators contending that the "Quinnimont bed" is 
the lower, and others that the "Fire CreP-k" is. Both are coking coals 
of excel1ent quality, though neither can compare with the Nuttall bed 
in regularity or freedom from impurities. 
Of coal fields in Virginia exclusively, the Richmond field is perhaps 
2MR--7 
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the most important. The extent of this field is a little over 150 square 
wile , its shape being an irregular parallelogram, with the northern ex-
tremity ending in a sharp point. The geological horizon in which the 
coal is found is the Jura-Triassic, the mineral occurring there being 
newer, geo1ogically, than that of other parts of Virginia and West Vir-
ginia. The mines, however, have been worked from a very early date. 
At present there are E!Ome half dozen companies developing- the .field, 
one of which was I ecently reported as producing about 300 tons per day. 
The mine from which this coal is taken is a slope about 2,300 feet long, 
driven on the coal from the outcrop to a vertical depth of a little over 
800 feet. A good development of coal of a general thickness of 25 feet 
is shown, of extent sufficient to last for many years. Another basin, 
owned by the Midlothian Company, is said to contain coal over 100 feet 
thick, free from slate bands and bone, and of exceptional purity. 
· There are also in Virginia numerous patches of anthracite and semi· 
anthracite coa1, the united area of which is stated by Maj. Jed. Rotch· 
kiss, in The Virginias, to be about 100 square miles. 
In recapitulating the coal output of West Virginia one must include 
the coal shipped by the Kanawha river, that by the Chesapeake and 
Ohio railway, the gas coal on the line of the Baltimore and Ohio rail· 
road, and the bituminous coal sent out from the Elk Garden basin. Its 
statistics are as follows: 
Production of coal in West Vi1·ginia since 1873. 
Years. Long tons. Years. I Long tons. 
----11----- - ------l----
mL:::::i::::: ::: ::::j ::~Il~ 
mi::::::::::::::::::::::::::::::::~:· I t iii: iii 
1879 .. ... . .......•.....••••.... . .•. ... 
1880 .... . ·•· ·· ........... .. ....•. ..... 
1881 . . ....... . ..•.......•...........•. 








The following figures give the estimated output of Virginia for several 
year in the past. The tatistic for 1869 are those of the ninth census. 
The very con iderable incr a e shown for the year 1883 is due to the 
opening of the Flat Top-New River coal field, in the vicinity of Pocahon· 
ta Tazewell county. 
Production of coal in Virginia for 1869 and since 1880. 
Years. 
1869 •••••• ·••·•••••• ••••••·•••••·····•• 
1880 . ..................... ······ ...... . 
1881 ••••••.••••••••.•••••. •••••••••·••• 
Long tons. I Yea.rs. 
61,803 1882 •.••••••••••.•••.•••••••.•.•.••.•. 
100,000 1883 ..•.•••.•..••• .. ••..••..••..••.•• 






,v .A. H I N G T O N. 
The coal fields of Washington are the most important of the Pacific 
coa t. Their development may be said to have only commenced, but 
already their product is much greater than that of any otlrnr district on 
the coa t, and promise to increase even more rapidly in the future 
thau it has done hitherto. 
Mr. Bailey .. Willis, of the late ~ortberu Transconti1tental Survey, in 
a fort~coming report on the coals of this Territory, groups them under 
three head : (1) '' lignites"-those which do not coke, which slack on ex-
posure to the air, contain a considerable percentage of moisture, and 
are of bomogeneou , or woody structure, with conchoidal fracture and with 
a brown , treak and a resinous luster; (2) "bituminous lignites "-those 
which coke slightly, do not air-slack, have a homogeneous structure 
and irregular, slightly conchoidal fracture, contain but little moisture, 
but in the ratio of volatile hydrocarbons to fixed carbon and in streak 
and luster resemble lignites; (3) "bituminous coals,"whichcokestrongly, 
have a black streak and a more or less cubical fracture, and resemble 
the eastern coking coals, such as the Kanawha splint, but softer. These 
three types grade into each other. There are, besides, occurrences of 
anthracite in the immediate neighborhood of volcanic dikes, not of eco-
nomic importance. The coals of the Bellingham Bay, New Castle and 
Renton, and Chehalis Valley fields are lignites, those of the Green 
River field are bituminous lignites, and those of the Skagit River and 
Wilkeson fields are bitumiuous. 
The coal deposits of Washington are mainly in the vicinity of Seattle, 
King count~·, on the eastern shore of Puget sound, and at Bellingham 
bay, close to the British Columbia line. The Seattle field is one of the 
most important on the coast, covering a large area, and its deposits are 
being developed at several mines, which are steadily increasing in out-
put. 
The Bellingham Bay mine, the oldest source of supply on the Ameri-
can side of Puget sound, was first worked upwards of twenty years ago. 
Its production reached the highest point in 1869, when it sent upwards 
of 20,000 tons to San Francisco. The shipments to that point in 1871, 
1873, and 1876 were also about 20,000 tons. A few years ago the mine 
caught fire, and though the fire was subdued, it has been worked with 
little activity since~ the shipments to San Francisco having ceased in 
1878. The following is an analysis of Bellingham Bay coal: 
Per cent. 
Water................................................................. 8.39 
Volatile matter .... . . .. .. . .. .. . ... . . . .. ... .... .. .. ... ..... .. .. .. 83. 26 
Fixed carbon................................................... 45. 69 
Ash............................................................ 12.66 
100. 00 
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Another important deposit of the Puget Sound region is the coal 
fielu lying back of its eastern shores, up against the base of the Cas-
cade mountains. Its width is from 10 to 20 miles, and its length when 
fully e ·plored will probably be fonnd to be as great as that of the sound 
it8elf, reaching from Carbonado northward to and beyond the British 
Columbia line, a distance of over 100 miles . . Mining operations iu this 
field are facilitated by railroad transportation to tidewater. 
The Carbon Hill coal mine is about 3 miles from Wilkeson and 32½ 
miles northeast from Tacoma, near the line of the Northern Paeific 
railroad. Tbe mine is the largest ou the coast, and belongs to the man-
agers of the Central Pacific Railroad Company (Pacific Improvement 
Company), who have a line of steam colliers carrying the coal to San 
Francisco bay, for the use of steamers and locomotives of the Central 
Pacific and Southern Pacific railroads. It is stated that the mine can 
produce 20,000 tons a month, although in 1884 its productiou was only 
about half this quantity. At this mine ~34 men are employed, of whom 
45 are Chinese. The Chinese are paid $1.25 per day and white men 
from $2.75 to $3 per day, all boarding tbemselve~. Some work by the 
piece, and earn from $2 to $3 per cubic yard broken out. These aver-
age $2.75 per day. Extensive wharves and bunkers have been built, 
and tbe mine bas been opened up on a large scale. The coal from this 
region is a true bituminous coai, hard, solid, black, and clean, not equal 
in heat-producing capacity to the best Pittsburgh coal, but a good fuel 
for railroad and steam hip purposes. 
Back of Seattle, and reached by a narrow-gauge railroad, lies the 
New Ca tle lignite field. The coal is of a younger formation than that 
of the Carbona<lo district. It comes out in fine, clean, solid blocks, 
doe not slack easily, like the brown coal of Dakota, and bas about 
two-third the heat-producing quality of bituminous coal. The New 
Ca tle miue, which hipped about 150,000 tons last year, will increase 
the hipments to 200,000 tons for 1885. This mine is 20 miles from the 
ea. 
The Renton mine i, 13 miles east of Seattle, and is producing regu-
larly. It coal i, ent to the seaboard by the Columbia and Puget 
und railroad. 
WYOMING. 
The coal field of Wyoming are of great extent and value. They have 
b u known , inc 1850 ut remained undeveloped until the completion 
f th Union acific railroad to Carbon, 100 miles west of Laramie, in 
1 6 . The al I a ur s ar e timated to cover at least 20,000 square 
urf, c· f y ming and tbe beds are found for nearly 350 
miles alon th line f the Union Pacific, in every c;ase where developed 
·r pping oldly n th· ·urfac . In quality the coal i a lignite of SU· 
p ri r gr d , an ui al 1 for all h ating and dome tic pnrpo ·es, but 
n n- king an 1 . : £ r ga making. 
The v in which i work cl at ar n i 9 feet in width, the coal being 
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the best quality of Tertiary brown coal-compact, pure, and compara-
tively free from moi ture. It is used almost entirely as fuel on the 
Union Pacific milroad, the supply of coal for domestic purposes coming 
chiefly from the mines at Hock Spring. The following analyses were 
made of specimens taken from two veins at Carbon : 
No.1. No.2. 
Per cent. Per cent. 
Water ............................. . 8.10 6.10 
Volatile matter .••..••.........•.•.. 84. 70 38. 80 
Fixed carbon ............ ... ....... . 51. 65 49. 30 
Ash ............................... . 5. 55 5.80 
100. 00 100. 00 
The mines at this point were first opened in 1868, and have been 
worked steadily since that time. The following table gives the output 
of the district since 1868: 
Product of the Carbon mines, Wyoming. 
___ Yea_rs_. _____ 
1 
Short tons. \ _____ Y_e_ar_s------~-Sh_o_rt_t_o_ns. 
1868. ············ .. .. .... ... . . .. ..... . . 
1869 ....... ...... ······ . .............. . 
1870 . ············ ······ ....... ........ . 
1871. ······ ·· ·· ·· · ····· ....... ... ..... . 
1872. ············ · · ·· ·· ............... . 
1873. ·· ···· ···•······ ···· ··· ........... . 
1874 .. . . .... ............ ... ...... . ... . 
1875 .... ......... ..... .. : ..... . ....... . 
1876 .........•.......•....... ·· ···· ·· .. 
6,560 1877 ···•·· ................... , ....... . 
30, 482 1878 ...... ........................... . 
54,915 1879 ................................. . 
31,748 1880 .............. .. ................. . 
~9, 237 1881 ................................. . 
61, 164 1882 ..... . .........•..... . ............ 
55, 880 1883 . ..............•....•............. 










On the line of the Union Pacific railroad from Bitter Creek to Rock 
Spring coal mines are opened for almost the entire distance. In some 
cases work has been discontinued, but the output is included in the 
general summary. 
The coal at Rock Spring is generally conceded to be one of the best 
bituminous lignites found in the Far West. Its remarkably low per-
centage of ash and freedom from water and sulphur make it a fa-
vorite coal wherever it can be obtained. It is in general use through-
out the towns in Wyoming, and large quantities of it are burned in 
Denver, Salt Lake City, and Ogden. It is a jet-black, semi-bituminous 
coal, producing no clinkers, and leaving but a small bulk of ash, which 
is of a reddish color. Its composition and value are shown by the fol-
lowing analysis : 
I 
1------
1 r:i!tte ~;tie~~::::::::::::::::::::::::::::::~ 3~: ~~ 
Fixed carbon...... . .. . .. . . . . . .. . . . . . . . . . . . . . . . 54. 46
1 
Ash.......................... . ................ 1. 73 
I ---
! 100. oo I
Percent. 
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It is a cleau-breaking coal, which does not slack upon exposure to 
the influence of the atmosphere. The mine was opened in 1868 by Mr. 
Thoma ' ·ward well, who was in the employ of the Union Pacific Rail-
l'Oad Company, which is the present owner of the mines. The product 
of the district since 1868 has been: 
Product of the Rock Spring 'tnines, WyQming. 
___ Y_ea_r_s. _____ 1 __ sh_o_rt_to_ n_s_.
1 1 
_____ Y_e_ar_s_. ____ I Short tons. 
1868 .•.......•• . ..••.•..•..•. ··••·•· .•. 
1869 .....•...... ··•··· . : •••.•••••..... 
1870 • ..•.•• ..•••........••...•......••. 
1871. .••.....•... .••••....•.... •....... 
1872 .....••..••......•••••. ···•·· ..... . 
1873 ..•..•....•.••........••... .••..... 
1874 ....... .•••...•........•.... . ·••·· · 
1875 ..•........•............•.......... 










1877 . .•••.......•...•...••...•.... .. . . 
1878 ..•..•.....•••.....•......••.•.... 
1879 ......•..... ···•··· · ·······•······ 
1880 ................................. . 
1881 .....••.•..••......... ~ ...••...... 
1882 ..•...•...•.•..•......••...•...... 
1883 ..•.....••.....• .. •. ... .... .. .•.. . 









The mines at Almy, on the line of the Union Pacific, are owned by 
the Union and Central Pacific Rail way Companies. The coal is much 
inferior to that found at Rock Spring, but is used in large quantities 
by the railways for their locomotives.. The composition of the coal is 
shown by the following analysis : 
Per cent. 
Water... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 15. 40 
Volatile matter .••.... •• . . .••. .•. . . ••. . ••.. ••. 33. 90 
Fixed carbon. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44. 78 
Ash . ... . ...... .. .............................. o. 92 100~, 
The mines were opened in 1869, and have produced large quantities 
of coal. In 1872 the Rocky Mountain Coal Company, at Almy, produced 
105,060 ton of coal, and during the same year the Union Pacific mines 
produced 22 713 net ton . Since 1875 the Rocky Mountain Coal Com-
pany ha come, by lease and purchase, into tbe possession of the Cen-
tral Pacific Railroad Company, which now operates it. The product of 
th Union Pacific mine ha been as follows : 
Product of tlle U11ion Pacific mines at Almy, Wyoming. 
Years. Short tons. Years. 
I 
1 9 ... .. ........... .. . ··· · · · ......... . 
1870 . .................... •··•·•·• •.... . 
1871. ....... ..• •.. •••...••.....•....... 
1 :72 ········••••· ··• ·• ............... . 
l i3 ... ............................... . 
1871 •.•...........•...•..•.•..••....... 
1 ,;; .. ........................... .. ... . 
1, 96i 18i7 .. •.•••.. ... .......••.•••..•...... 
12,454 1 78 ............... .......... ........ . 
21,171 1879 ......... ····••····· ............. . 
22, 718 1880 .......••. .•••..••• ...•........... 
22, 847 1881. .. . .•.•..••••••.........•......•. 
23,006 1882 ..............•.•........•........ 
41,805 1 83 .... ................. ........ .... . 











At Almy the mines owned by the Central Pacific Railroad Company, 
from 1870 to 1884, inclusive, produced the following amounts : 
Product of the Central Pacific mines at .Almy, Wyoming. 
Years. 
]870 .................................. . 
1871. ..... ······. ······ . . ............. . 
1872 ................................. . 
1873 .... · ··························· .. . 
1874 .. ..................... .... .. . ... . 
1875 ............•. ········ .......... •. 
1876 ... ...... ····· ................... . 











1878 ............... ············· ..... . 
1879 ......•........... ················ 
1880 ........... ........... .... .... ... . 
1881. ................................ . 
1882 .............••.••..........••.... 
1883 .. ................... .... •.....•.. 









The only other district in which coal mining is actively pursued is at 
Twin creek, on the Oregon Short Line railroad. The coal here is an 
excellent, soft, non-slacking coal, suitable for many uses. Near the 
TW"in Creek mine a cropping of coal shows twenty-nine beds, which 
vary in width from 1½ to 48 feet. The mine was opened in 1875 by the 
Wyoming Coal and Coke Company, but little was done in the way of 
systematic development and a regular production until its sale to the 
Union Pacific Railroad Company in 1881. Th~ composition of the coal 
is shown by the following analysis: 
Per cent. 
Water . ........................................ 8.58 
Volatile matter................................ 35. 22 
Fixed carbon .. .... . . . . . . . . . . . . . . . • • . . . . . . . . . . . 49. 90 
Ash........................................... 6.30 
The product of the mines here has been : 
Years. 
1882 ............... ····· .................... . 
1883 . ..••......•..••....••••........••..•.... 






Coal has been mined with varying success at many other points along 
the line of the Union Pacific, and by independent companies, but work 
upon the mines bas been stopped until . increasing demand or the ex-
haustion of some of the beds at present worked necessitates the devel-
opment of new fields. The entire coalfields of Wyoming are practically 
c<,mtrolled by the Union Pacific Railroad. The capacity of these beds 
is indefinite. They would be able to supply at any time the whole de-
mand of the Far West with a uniformly good coal. Coal has been mined 
in former years at Separation, Point of Rocks, Black Buttes, Old Rock 
Spring, Bear river, and other points, but present production is limited 
to the localities described. Prior to 1871, at Sepa,ra.tion, Point of Rocks, 
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Black Buttes, Old Rock Spring, and Bear river, it is estimated that 
over 100,000 tons of coal were produced, but the annual product is not 
obtainable. The product of the Territory for the years from 1868 to 
1884, inclusive, has been as follows : 
Recapitulation of the coal production of Wyoming since 1868. 
Years. Carbon. 
Short tons. 
1868.. .• • . . . . . . . . •• . . . . . •• • . . 6,560 
1869 . . . . . . . . . . . . . . . • • . . • . . . . 30, 482 
1870............. .. ... . . . • . . 54, !Jl5 
1871....... . . . • . . . . • • . . . . . • . . 31, 748 
1872. . . • . . . . . . . . . . . . . . . . . . . . . 59, 237 
lfS73.. •• . . . . . . . . . . . . . . • . . . . . . 61, JG4 
1874. . . . . . • . . . . . . . . • • . . . . . . . • 55, 880 
1875.................. .•.... 61,750 
1876....... .. . . . . . . . . . . . . . . .. 69, OGO 
1877. . . . . . . . . . . . . . . . • . . . . . . . • 74, 343 
18i8 . . . . . . . . • • . . . • . . . . . . . . . . 62,418 I 
1879. .. . . . . . . . . . . .• • . . . . . . • • 7/i, 424 
1880 . . . . . . . . . . . . . . . • . . . . . . . . 100, 433 
1881. . . . . . . . . . . . . . . . . . . . . . . . . J 56, 820 
18 2 . . . . . . . . . . . . . •. . . . . . . . . 200, 123 
1!!8.3. . . . . . . . . . . . . . . . . . . . . . . . . 248, :J80 
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111. 713 I 
150,880 
16, 981 .. ... . ..... . 
53,843 ....... . . . . . 
105,118 ........ .. . 
130,989 . ........ .. . 
81,699 . .. .. . .... . . 
92, 589 1 · ··• .. ..... . 
G9, 782 ........... . 
67,373 ...... ... .. . 
57,404 .... .. ..... . 
60,739 , ...... ... . . .. 
82,684 ..... .... . 
90, 779 ......... . . . 
04, 065 ! 8, 855 
78, 450 I 36, 651 




















The number of men at present employed iu tlle mines of the Territory 
i about 1,000. The wageR paid range from 90 cents to $1.15 per ton. 
ANTHRACITE COAL MINING. 
BY H. M. CHANCE. 
In preparrng this paper an effort bas been made to present as con-
·i ely a possible the chief features of anthracite mining methods in 
Penn ylvania in such a manner that miners in other regions may be 
enabl _. cl to compare th 'e y terns with their own. The details of con-
:trnction and op ration, and tllP- minor variations in mining methods 
f, und tllroughout the r gion, are not here di ·cus eu. For such fuller 
inf rmation refereuce may b lla<l to Re1,ort AO of the Second Geolog-
i ·al Sun· y of :.>enm,yl \ ania, ou tile '' Mining Methods and Appliances 
n. cl in th• 11tliracite 'oal llield '," by the pre ·ent writer. 
T , mining of antbracit • coal in .1111 ylvania dates from 1820, when 
3 ·5 t n: w r J •• l.Lipp cl fr m the L hlgh r gion· to Philadelphia. The 
fir. coal tb r • miued wa · w rked uy an opeu cut at Summit Hill. A 
fow: ar" lat r (1 22-:25) h chuylkill r gion wa opened to market 
hy th· ·lrnylk1ll ... , 'Vi"ation rnpa11y, and in IR20 mining w.1s com-
m n · din th~\ · · miug-region, with a hipment of about 7,000 tons. 
Th wond rfully rapi gr wth f thi · in<lu try ha effected great 
·bang · in th minin rm th and in the mechanical appliance u ed 
b th in inin and Ir paring th coal f r market-changes necessitated 
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for the most part by increased deptll, with enormous volumes of water 
to be handled, great and constantly increasing volumes of firedamp to 
contend with, and the enlarged output of the collieries of to-day as 
compare<l with that of earlier operations. For the first twenty years 
following the opening up of these coal fields mining was confined prin-
cipally to coal lying above water level, which could be reached by tun-
nels and drifts. These mines were self-draining, and they commonly 
enjoyed another advantage over the mines of to-day, namely, the ab. 
sence of large quantities of firedamp, this gas rarely existing in great 
volume above water level. 
Location and structure.-The · anthracite coal fields of Pennsylvania 
lie entirely east of a north and south line drawn through Harrisburg, 
and north of the Blue ridge or North mountain. They consist of a num-
ber of long, narrow basins, roughly parallel to each other and with a 
'outl.teast and south west trend. These basins are generally canoe-
shaped troughs, the coal dipping in towards the center from the north-
ern and southern edges; but the north dips are steeper than the south 
dips. Thus, in the Southern, First, or Pottsville basin the south dip 
(on tlle north side of the basin) ranges from 5° or 10° to 400 or 540, 
while the north dip (on the south side of the basin) is common].'- from 
600 to vertical. The large basins are divided into a number of sub-
, basins by a more or less complicated series of minor anticlinal and syn-
clinal folds, which warp the coal into curiously curved surfaces, with 
dips ranging all the way from vertical to horizontal. Some of these 
:flexures are overturned, and in places the coals are found folded back, 
with a reverse clip. Sharp breaks or changes in the dip are not com-
mon. The coals generally curve gently from a steep to a flat dip or 
vice versa, and it is to this feature that the practice of mining by slopes 
owes its great success. 
Pennsylvania anthracite is almost unique as a domestic fuel. It is 
extremely har<l., somewhat brittle, and contains a very ~mall percentage 
of volatile matter. Hence to burn such a fuel successfully in stoves or 
grates it is absolutely necessary to have a uniform draught, and this can 
only be accomplished by thorough separation of the coal into grades of 
uniform size. As the coal beds frequently contain seams of slate, and 
as it is often impossible to eparate this from the coal in mining, the 
process of preparation includes the separation of slate and other refuse. 
The builcling in which this is done is known as the "breaker," and con-
stitutes the most striking portion of an anthracite colliery plant at the 
surface. 
Mining plant.-Tbe plant at tbe surface comprises: 
1. The breaker. 
2. Engine for driving the breaker machinery. 
3. Boners and coal bins, feed-water pumps, etc. 
4. Win<ling engiues, etc. 
5. Hea<l frame. 
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6. Pumping engine. 
7. Ventilating fan. 
8. Cuhn or dirt or waste and rock banks, with inclined plane. 
In the arrangement of the plant aboveground no one system has been 
generally adopted by mining engineers throughout the anthracite region. 
The arrangement is necessarily varied to suit the topography of the 
ground, and alterations are constantly being made to meet tlie require-
ment of increased output, with increased depth and. extent of work-
ings. The best practice seems to be that in which all the steam ma-
chinery is housed in one building, and th.e breaker operated by wire-
rope tram,missfon of power from this ·building; the boilers placed to-
gether under a separate shelter; the head frame built open (unhoused), 
and the breaker located some distance from the shaft. A plan in favor 
some years ago was to build the breaker directly over the shaft, and to 
place the breaker engine, and sometimes the hoisting engine also, in the 
same or an adjoining structure, but the risk from fire and of seriously 
complicated mine accidents is so great that this plan has been dis-
carded. 
~rospecting.-Anthracite properties can generally be prospected for 
shallow workings by shaftR sunk by hand; but when the exact position 
aud thickness of the coals at considerable depth must be known, resort 
is bad to boring. There can be no doubt that for this work the diamond 
drill has given the best and most satisfactory results. Where the depth 
only of a coal is to be determined, a hole drilled by the rope-drilling 
method, as used in the oil regions, gives equally good results, and often 
a from one-half to one-fourth the cost of a diamond-drill hole. The 
co t of drilling with the diamond dnll increases so rapidly with the 
depth that holes are seldom sunk by thi method more than 800 to 1,200 
fe t in depth. This objection q.oe not apply to the rope-drilling 
m tbod. 
Th best method of con tructing geological cross-sections has become 
of coo iderable importance to mining engineers. The limits of this ar-
ticle forbid a di cu ion of thi subject. Reference may be had to Re-
port C of the Second Geological Survey of Pennsylvania. 
~Methods of opening coal.-Tbe geological structure always determines 
the method to be adopted in openmg a coal bed. When the outcrop is 
ace ible and the coal dip more than 10°, it is considered best to de-
' 1 p y lope. driven down upon the bed, following the dip of the 
coal from th urface down. Beel~ lyiug above or below the main seam 
are fr q ntly dev loped y driving tunnel (cros -cuts) through the 
int r ning rock from a h angwa~-- in tl.te main working . When the 
t op n d by haft, th haft i located in the deepest part of 
in, or in th d p t part on th prop rty to be developed. 
mine v ntilatiou act r quire· each mine to have two outlet . 
th pr p rt c nt in a w, mp or mall ba in or part of two 
in· th lo tion of thi con lop ning i no a matt r of much im-
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portance; but if such be the case, then this shaft is best located in the 
second basin or trough. 
Lift mining.-ln developing by slope the usual practice is to sink the 
slope and its airway side by side (parallel), but with a sufficiently thick 
pillar between them. At a depth of about 100 yards a" lift" is opened 
out by driving a gangway both to the right and left. The breasts 
opened along the e two gangways constitute the " first lift." This is 
often worked for several years before the slope is sunk to open a sec-
ond lift, but it is now common to continue the sinking without waiiting 
until the coal on the upper level is exhausted. This work is prosecuted 
at night, so that tbe mining and hoisting of coal is not interfered with. 
The "second lift" is usually opened out at a depth (on the slope) of 75 
to 90 yards below the first lift. Sometimes three or four lifts are opened 
at once, but there are few collieries mining coal from more than three 
lifts at once, although many of them have eJthausted two, three, or even 
four lifts, and are now working in the fifth, sixth, and seventh lifts. 
Drainage.-ln "lift mining " the water is caught on each gangway 
when this is possible, and at many collieries nearly all the water is 
caught on the first and second lifts, · and the lower workings are very 
dry; but as the workings are extended from year to year it is generally 
found more expensive to attempt to hold this water up than to pump it 
from the lower workings, for to do this thick chain pillars must be left 
below each gangway and long lengths of gangway through exhausted 
ground must be keptopen. Hence mining engineers are now generatly 
abandoning this practice, and make no effort to hold the water except 
perhaps on the "water-level" (self-draining) gangway. By the adop-
tion of this plan a much larger percentage of coal is recovered, as the 
chain pillars and breast pillars are robbed as soon as the gangway is 
worked out, and the gangway is then abandoned. 
When the outcrops of the coals cross swampy land or flat valleys, large 
expenditures are sometimes incurred by the necessity of deflecting the 
stream or of carrying it over the outcrops in a flume. This must be 
done as soon as the workings approach the surface, and many instances 
might be cited of disastrous mine floodings that might have been averted 
in this way. 
When the workings are approaching old workings suspected to con-
tain inflammable gases or to be inundated with water, the law requires 
boreholes to be constantly kept 20 feet in advance of the face of each and 
every such place, and if necessary on both sides. 
In lift mining the sump is commonly excavated in the coal beneath 
the gangway level. Where the water is caught on each lift, a sump or 
lodgment is of course provided on each gangway. The water is con-
-veyed to the sump along drains or gutters cut on one side of the gang-
way, more rarely in the center under the track; and these gutters have 
of cour e the ame fall as the gangway, which is most commonly about 
1 foot in 200 feet. · 
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In the deep-shaft co1lieries, where the coa11ies on gent1e ang1es of dip, 
a, at Pottsville, Wilkes-Barre, etc., the quantity of water to be pumped 
from the lower levels is very smaU as compared with that fouud in con-
torted aud steeply dipping coals, as of the Panther Creek and Hazleton 
district,. The former are known as '' dry mines," some being so dry 
that coal dust accumulates in enormous quantities in the rooms anrl 
pa. ages. At many of the wet mines of the Lehigh district an aYerage 
of from 8 to 10 tons of water is pumped from the mine for every ton of 
coal raised, and at a few collieries more than ~O tons bas Leen 1mrnped 
for every ton of coal raised; but in the dry mines of the deeper parts 
of the Schuylkill and Wyoming districts tbe watfr tonnage is often less 
than the coal tonnage. However, even under such circumstances pumps 
of no ruall capacity are needed. 
The rod-plunger pumps of Cornish pit-work style, run by high-press-
ure. horizontal, flywheel engines, bull pumps, aud inside steam pumps 
are 11 ed, almost to the exclusion of other forms. The average working 
peed of the bull pumps is four to five strokes, running up to seYen or 
ight troke per minute in emergencies. Rod-plunger pumps, driven 
by geared, high-pressure, horizonta,1 engi11es, run at a lJigller average 
p ed, ay five to seven strokes. The old-style Cornish walking-beam 
engine is not used in the anthracite region. N e3,rly every Rty1e of steam 
pump made iu this country bas been used in U1ese coal fi<:>lds, bnt tbe 
plunger pumps have almo t entirely displaced piston pumps. The 
~trongly acid water qnickly ruins ordinary piston pumps. Exhaust 
t am underground and beat from the exhaust are objectious almost 
fatal to the u e of , team pumps in the mine, as the beat and rnoh;ture 
ha ten the d cay of mine timber o that it is destroyed at a ruinou ly 
rapid. rate, and they al ·o frequently soften the roof or floor, and thus 
bring greater strains upon the already weakened timbers. Tbe exhaust 
i, Aom time conveyed to the urface, ornetimes thrown into the sump, 
nntl • ometim into th upca, t; but, with rare exceptions, it is, however 
cli ·po: cl of, an unmitigat d nuisance and costly evil. Compressed air 
ha,· r c ntly been iutroduc d at several collieries to run underground 
pump. and boi ting engin . It apparently costs but little more than 
t am (barring fir t outlay) a1Jd i open to none of its objections. 
f w collierie ar not provided with pumping machinery; the 
quaub f water being quite mall, it is rai, eel in tanks or tank car . 
ha/t8.-Antllracite mining· haft , are nearl ., always of rectangular 
·r . ·· ction. Their width j go-verned b, the length of the mine cars, 
whi ·h rang from . t 10½ ffet ov r all and the , hafts are therefore 
· rnm 111 10 r 1 o 1' fi ,et wid in ide th timber . The (l10rizontal) 
l ngth f th , haft i. g Yern d th number of compartments needed 
r h i. tin aud tb ·. · · cti nal area r quir d for an airway. Each 
f. r ad in id the bunton , or, on an 
h guide, ; hence the cornpartment 
· nt r. A 'haft with tw <'Ompart-
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men ts is therefore giYen a length of 16 to 20 feet; with four compart-
ments a length of 30 to 38 feet is required. In addition to the space 
devoted to these hoi ,tingways, a large space is necessary for an airway, 
so that the (horizontal) length of shafts receutly sunk often greatly ex-
ceeds the aboYe fignre~. Thus the Dorrance shaft of tbe Lehigh Valley 
Coal Company is 13 feet by 5~ feet ; the Wood ward shaft of the Dela-
ware, Lackawanna and Western Coal Oompany is 10 feet by 53 feet; 
and the Gaylord shaft is 12 feet by 47 feet. 
That rnry few shafts have been sunk with power drills is doubtless 
owing to the character of the slates, shales, and sandstones passed 
througll being such that goou time can be ruade by hand drilling; and 
it is not at all certain that the speed can be increased and the cost de-
creased by the use of steam or compressed-air drills. The first cost of 
the compressors and drills, for which there is commonly no use after-
war<ls, is probably the true reason why these drills have not come into 
more general use. 
Explosives of the dynamite type are used very largely in work of this 
cbaractel', and simultaneous firing of groups of holes b,v electricity is 
the plan now preferred, as giving the best results at the least expendi-
ture of time and powder. 
When the sinking passes through drift or alluvium (sand, clay, gravel) 
carrying water, before striking bed rock a water-tight cribbing or curb-
ing is built to shut this water out. This is bui.lt double, like a coffer 
dam, and is packed with clay. 
At mo~t shaft collieries twu compartments are sufficient to handle 
the coal; but with large outputs a third compartment is devoted exclu-
sively to raising and lowering men and supplies, so that the work of 
raising coal shall not be interrupted. The compartments used for hoist-
ing are utilized for ventilation as a downcast airway, and another com-
partment of sufficient size is bratticed off for the upcast, and this is also 
used for the pump, and column pipe and as a manway. Where the sec-
ond opening· (shaft or otherwise) is used as an npcas1; and the whole of 
the main sliaft is u ed as a downcast, it is still necessary to provide a 
, eparate compartment for the pump rods aml column pipe. Instead of 
providing a eparate compartment in the main · shaft for raising and 
lowering men arnl supplies, tlie second opening is sometimes fitted up 
with wilHliug machinery for this purpose; but if this shaft is also used 
as an upca 't, it must be fitted with double trap doors, a dangerous prac-
tice, not apprornd by mining engineers throughout the 1 egion. 
Shaft 'inking i commonly carried on with a temporary sinking plant 
consisting of engine and boiler, sinking pump, and head frame. While 
inking is progre sing, the permanent boilers, wiuding engines, breaker, 
etc., are erected, an<l. the permanent bead frame' may also be put in 
place without removing the temporary structure, the former being built 
over the latter, so that no stoppage in the work of sinking and of open-
ing gangways is caused by the erection of these structures. 
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When the rocks pas e<l through are hard and compact they frequently 
require uo timbering, or tl.te tirn bering eventually necessary is limited. 
to certain parts of the sl.taft. Under such circumstances the sinking 
may be carried down to the coal, and the shaft is then timbered up from 
th bottom, that is, with sucll timbering as is needed; but it is of course 
al wa3's necessary to have substantial bun tons to carry the guides, the 
pump rod, column pipe, etc. The bottom of the shaft is sunk some lit-
tle di tauce below the coal, to provide a well an<l a pit for the cages. 
1'be ump is excavated iu the coal to the dip (below the gangway level), 
gangways are started rigl.lt and left, and the work of developmeut is 
commenced. 
From 200 to 300 feet per year may be considered as a fair average of 
the time made in sinking, including all stoppages. There is little dif-
ference in the speed of sinking shafts of large and small cross-sectional 
area. In sinking through the harder rocks of these Coal Measures the 
co t ranges from $5 to $8 per cubic yard for shafts 400 to 800 feet deept 
the cost increasing rather rapidly with the depth. In shale and soft 
~and tone and slate the cost is from $2 to $5 per cubic yard. 
'£he long-hole diamond-drill method was used in sinking the Potts-
Yille deep 'haft and the ·Euengowan shaft, but it does not seem prob-
able that this plan will come into general use. It is doubtless best 
adapted to shafts 200 or 300 feet deep, where all the I.oles can be drilled 
from the surface to the bottom at one operatiou. The Kind-Chaudron 
proce ' ha not been u ed in these coal fields. 
Zopes.-The main hoi ting lope is commonly dividoo. into three com-
partment , two for hoisting, and one smaller compartment for the pump 
rod , c lumn pipe, etc., and sometimes a fourth small compartment on 
the oppo ite side of the lope is used as a manway, more rarely as an 
airway. l\Iain hoi ting . lopes are from 16 to ~4 feet, wide and about 7 
fi thigh in thick bed ; in thin bed som what lower. The hoisting com-
partment are from 6 to 9 fee wide. Sometime there is only onehoisting-
way with thre rail and a turnout for the cars to pass each other half-
way d wn the lope; but this i not con idered good practice, and in-
vitably 1 ad to many derailm nts and colli ions. 
In lop inking the timb ring i carried down with the sinking. 
The .,t f rm i the compl tel.r framed set, with foot-sill and center-
pr p (two or three) wi b the leg et at a batter of about 1 to 4. Some 
. 1 p . r quir no timbering xcept at the mouth, and others are tim-
b r d ly with nt r-pr p while in loo e coal, battered by pre ure 
and with a t ndency t 'run,' the timb r are et a close a they can 
1·1a,· <l. Tb f t- 'ill ar not bed into the ri (pillar) t.o hold the 
im ri g in pl c an l th rail ar ften piked directly to the ill 
nd t mall ·1 p r lai lb tw en th m and w dged in place by hort 
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de ire<l ize or shape. SeYen feet in height in the clear and 9 to 12 feet 
wicl are the common dimensions for a single-track gangway, but when 
the gas i trouble~ome they are sometimes driven 14 feet wide and 8 feet 
hip;h. Where double track are necessary, as at turnouts and at the 
laudings at tlrn foot of slopes and shafts, the width is 16 to 20 feet or 
"Ven more. In such ca es very heavy timber is needed, and it js fre-
quently neceRsary to reinforce the caps (collars) by center-props; but 
center-props c:tre avoided whenever and wherever they can be dispensed 
with, as they are the can e of many accidents to mules, drivers, and 
miners. Footsills are rarely necessary in gangway timbering. · Round 
timber is u ed almo t exclusively on gangway work, and the lagging 
i round or half-round tuff. From 12 to 14 inches may be taken as an 
average measurement of the timber used (small end), but on turnouts 
and in loose coal 18- and 20-inch stuff is used. Much 24-inch timber 
could be used to ad vantage if it could be obtained, but mine owners 
experience great difficulty in obtaining stuff of this size at moderate 
co t. The standard upright form of gangway timbering is commonly 
framed so that the legs stand on a batter of I to 4. In mines using 
steam underground the timber has a very short life, often rotting in 
a few months. Some gangways need retimbering every year. Under 
more favorable conditions timber is now standing, perfectly sound, that 
was placed fifteen or twenty years ago; but this is the exception, not 
the rule. 
An independent airway is nearly always driven parallel to and a few 
yards distant from the gangway, and the two passages are connected 
at intervals by cross-beadings. Except in very gaseous workings, this 
airway iR made much smaller than the gangway, about 6 by 8 feet or 
perhaps a little larger; but in some districts, as at Wilkes-Barre, it is 
necessary to drive the airways as large as the gangways (8 by 12 feet). 
The gangway is used as an intake and the airway as the return airway, 
the air being led up· to the face from the last cross-heading by brattice. 
When the coal bed is thick the airway is driven at a higher level than 
the gangway, sometimes almost vertically above it, and the coal taken 
from the airway is then thrown into the last cross-heading, which 1s 
used as a chute, and falls by gravity into a car standing on the gangway 
below. A buggy is used in the airway. When the coal is not gaseous, 
ventilation is oftfm effected by bratticing off an airway on one side of 
the gangway. This answers very well during the driving, but is a 
most unsati factory method of securing permanent ventilation, as such 
brattices always leak badly. 
Tunnels.-ln tunnel driving an airway is sometimes secured by brat-
t icing off the upper part of the tunnel, but it is more common to brattice 
off one side. Single-track tunnels are commonly 8 to 11 feet wide and 
6 to 8 feet high, unle s the gaseous condWon of the beds developed by 
them require greater cross-sectional area. Double-track tunnels are 
about 14 feet wide. The cost per cubic yard of tunnel driving varies 
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but slightly from tbat of shaft sinking, depending of course largel~-
upon the nature of the rocks to be pierced. 
JJ,fining systems.-All underground anthracite mines, with perhaps one 
or two individual exceptions, are operated upon one and the same gen-
eral system, namely, the "pillar and breast" (''pillar androom," 4'postand 
stall," "stoop and room," "board and pillar"); and although the details 
of this system under different mining conditions vary so widely that 
the superficial observer sees apparently several totally unlike systems, 
a careful inspection discloses the fact that they all have three identical 
characteristics: (1) the ''breasts" or "rooms" (working places) are all 
long aud narrow; (2) they are driven nearly parallel to each other; (3) 
they are separated by long, narrow pillars of coal, broken only by small 
openings for ventilation. These are the characterizing features of the 
"pillar and breast" system of mining. 
lu a few localities where large bodies of coal lie close to the surface 
the coal is mined by stripping. It is entirely unnecessary to dilate upon 
this open-cut work. The coal that can be mined in this way is quite 
insignificant compared with the enormous bodies under deep cover. 
The pillar and breast system used in the anthracite regions is simple 
and elementary in its general features, but its details present a multi-
tude of complicated variations. To describe its general features we 
may conveniently consider the workings as divisible into two classes: 
(1) tho eon beds dipping from about 25° to horizontal, or flat workings, 
and (2) tho e on beds dipping from about 25° to vertical, or steep or 
pitching working . 
In flat workings opened by shafts the gangways are driven off on 
each side, and when they have reached a sufficient distance to allow a 
thick pillar of coal to protect the shaft, " breasts" or " rooms" are 
open d out along the upper side of the gangway. When the dip is less 
than 5°, a track is laid from the gangway track up into each breast. If 
the <.lip i over 3° and less than 7°, the breasts are turned at an angle 
to the gangway (in tead of at right angles), to reduce the grade of the 
br a t roadway. These rooms are either opened out to the full width 
of 8 to 12 yard on the gangway, or a small opening just large enough 
to admit a mine car i driven in 8 or 10 yards and the breast is then 
op ned out to it full width. Very flat, breasts are sometimes driven 
long- di tance , occasionally reaching a length of over 200 yards. It is 
m r mroon, however, to find a counter-gangway driven across the 
npo r liu itof tbe fir trow of brea t , which are usually 100 to 150 yard, 
long, and th oal i taken out along thi counter-gangway. On steeper 
dip. t min car are lowered from this to the main gangway by a elf-
a ·ting plan uilt in a worked-out brea t. When the coal lying above 
th haft i xhau ted, that lying at a lower level i frequently opened 
y an in ·i 1 1 p unk from the main gangway. A gangway i driven 
fi f thi lope, and the cual i mined in the same way as 
up r le el . 
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When tll dip i , 50 or oo to 12° the plan of working is the same; but as 
the miue car caunot be taken up to the face, the coal is brought dowu to 
the ga,ngway in a" buggy," which holds from half a ton to one ton of 
coal. It i dumped on a platform and loaded into the mine car by hand, 
but by running tbe buggy upon a trestle the coal is sometimes dumped 
directly from the buggy into the mine car. When the iuclination ex-
ceed 120 the buggy may be di carded and replaced by a chute lined 
with Rl.ieet iron, or by ']1eet iron laid on tbc floor of the breast. The 
coal must be puslle<l dowu over these plates. From this inclination up 
to 25° the general plan of wo1·king is the same, the coal sliding down 
to a platform near the gnngway, where it is loaded into the mine cars. 
Sudden changes in the direction and strength of dip often <lei;;troy the 
simplicity of this system of working, hy necessitating the driving of 
many counter-gangways and the addition of planes and slopes to over-
come adverse grades all(l favorable grades of too great pitch. 
When the dip excee<lt-i 25° the method of development is principally 
by slopes, and is known aR "lift mining," to which reference has already 
been made. The lm.'ast s are opened by a cbut e about 6 feet high by 6 
to 9 feet wide; au<l this 1 · <lrinn upon the bed 8 or JO yards from the 
gangway before the urea~t is opened out to 'its full width. Frequently· 
each breast. is opened l>;y two such chutes, which are placed about 15 
feet apart. The breasts on each lift are worked up to the gangway 
above, and wl1en thit, i's worked out they are holed through and the pil-
lars are rob bed out. 
There is con iderable variation in the thickness of pillars both iIJ. 
pitching and flat workiugs, the range being from 6 to 10 yards. Slope 
pillars and l>a1 rier pillar ' are 15 to 30 yards thick. Barrier pillars are 
tLick pillars left at interYals of every ten or twenty breasts, or between 
two sets of workiugs, or between adjoining properties, to prevent a 
squeeze cau ' ed by the settling down of the superincumbent rocks from 
becoming general and doing extensive damage; in other words, to local-
ize its effects. 
The distance worked on each side of a slope is governed by the cost 
of ha:ulage and. by the cost of keeping open long gangways through ex-
hauste,1 workings. When tbe coal is bard and the old workings have 
not been robbed ont, it is often found cheaper to haul coal 2, 3, or even 
4 miles than to sink a new slope and open new workings; but the limit 
is generally much "-maller, and at a majority of collieries coal is not mined 
at a greater distance than 1 mile or thereabouts from the main hoisting 
slope. 
When a slop is uuk to tbe second lift, tLe first 'lift is frequently 
conrnrted iuto a counter-gangway and the coal is lowered by an inside 
plane or U.)' a chute to the lower gangway, so that all the hoisting is 
done from one la11ding, and tlle winding machinery is thus rendered 
more effective in handling a large output. 
The working place are termed "breasts," out on fl.at dips they ar~ 
i MR--8 
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more frequently po ken of ':l.S ;, rooms" or" chambers." To describe more 
clearly ti.le methods of opening, ventilating, and working breasts, they 
may be conYcnientl;y diYidecl thus: (1) -wngon breasts, in coal dipping 
le than 70; (2) buggy breasts, in coal dipping G0 or 7° to 10° or 12°; 
(3) chute breasts or pitching breasts, in coal dipping 12° or 15° to 90°. 
ffagon brcasts.-Rooms iI1to wbicll tbe mine <.;ar is taken directly to 
the workiug face nre known by this name. They admit of few ,·ari-
atious in tLe metl.iod of workiug. They are 01 ,ened either to full width 
on the gang ~ray or by a wagunway <lriveu in 8 or 10 yards before open-
ing ont to foll width. 'Illis plan is adopted when the roof is poor. as it 
saves timber on the gangway, or when the gas is very troubksome. 
Breasts of this class are necessarily drh·en in such a wa:y as to 8ecure 
a farnrable grade for the mine car, and they are consequently often 
curnd, 11ot adhering to a straight line. Their width is, of course, depend-
ent upon tbe nature of the roof-7 to 10 yards, 8 yards being the most 
common .,izt·. With 8-yard rooms the pillars are 6 or 7 yards; -with JO. 
yard room"' tue pm:us are 8 yards thick. Ventilation is maintained by 
cross-hea<lii i?s tlnougl1 the pillars ever~· 15 or 20 yards; these cross-
headings an· 5 or G fe(•t by 6 or 8 fret, exeept "hen large ()nantities of 
gas demand a larger an•a. Whrn the bn1 is thiek the bottom bench is 
ometime" " ·orke(l out to tlie limit, and the upper coal is then blown 
down by commencing at the liaek end of tlrn brem;t; but this practice is 
not general. To n-aelJ 11.iE' top eoal the miner stanch, on a pile of loose 
coal that is allowed to lie again t tLe face for this purpose. When this 
i not sufficient. ladder or rough caffo]dings are used. In all breasts 
of thi cla s the late and other refuse(" gob") 1s thrown on one or both 
ide of tb brea t. 
Buggy breasts.-The e are opened and worked in Yery much the same 
way as wagon brea ~t . ·w,.bene,er possible, the buggy tramway is car-
ri cl on a taging near the mouth of the breast, so that the buggy may 
run out on thi and tLe coal dumped directly into the mine car, thus 
av idiog double handling of the coal. When this is done the chute or 
op ,ning of th br a t i · enlarged enough to make room for a mine car, 
and a iding i lakl in from tLe gangway track, so that a mine car may 
tall(l in tbi r ce , wbil bei11g loaded, wi1hout blocking the gangway. 
Th ntranc of tln~ br a. r ·au then l>e clo ed by a door, thus cutting 
ff, 11 ·ommuuication with th gangway. 'Ihe refu e ("gob") is piled 
r b th ,'hl ' of the brea. t. 
than 1 ° to 22° coal 
pu ·h the coal down; 
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floor of the bre~ t -without beet iron; but as the gob will also slide 
down tlrn pitch an<l nm out with the coal, a different method of working 
i, nee s arr; an<l. in tbi ca e the breast is opened by driving up two 
chutes 8 or 10 ~ ar<l, alHl then opening it out to full wH.lth. The pillar 
uf coal between the chute - is ca1lecl a'· stump." Each chute is closed 
by a plank partition wlth au opeuiug (drawliole) through which the 
coal is draw·n. ..\.8 tlle l>rerist is drin11 up the clip, the gob is tlirown 
iu tlle center :md the coal is thrown dowu the clrntes. These chutes are 
also u ·ed as Hrnnwa;ys all(l airways. Wben tlrn bed is thin they are 
made by stamlmg a row of props along each side of t1le breast 4 to 6 
feet from t1le pillar. Tliese are planked if necessary, forming a partition 
to l.tol<l the gob in tbe ct'uter of the breast. If the bed is thick, a "jug-
gkr" manway is built. This consists of an inclined partition ma<l.e by 
placi11g inclined proi,s or "jugglers" from the pillar to the 'floor, thus 
fon:Ling a three-cornered manway or chute. They are notched into thf\ 
pillar coal and also into the floor to bold them securely in place. 
W!Jen the coal dip8 lllOre than 35° or 40° this method of working is 
11ot feasible, as the miner ha· nothing to stand on unless the bed con-
tains so much refuse that the top of the gob left in the breast is always 
within a, few feet of the working face. This rarely happens. When the 
l>e<l is thin the miner easil~ builc.ls a platform upon which to stan<l by 
placing three or four props atros1:, tlie breast and covering them with 
plank. TL is plau i · adopted on dips of 35° or more in beds 10 feet thick 
or less, but when tbe bed is thick some other method is required. 
The two chutes are closed by a strong log battery, with an opening 
through which to draw the coal, and the whole breast is kept full of 
coal to furni ·h a sup1>0rt for tlle niiuer. As tlle broken coal occupies 
more space than coal jn the solid, the minrr alwayR l1as a certain amount 
of ,·urplu · coal. 11.lis Le sends dow11 tLe u1c1u,vc1y, all<l tbe other coal 
lying in tbe urea, t (", toek coal'') is al1o\YC(1 to remain uutil the breast 
is dri ,·en to the limit. 
When the dip i so steep that the ::-urplus coal falls clown the man-
way with great \ioleuce, tlli · ··urplns coal is sometimes drawn from 
the breast from time to time through tbe battery at the bottom. When 
tbi plan is to be adopte(l it is often con ·iclered Lest to open tlle breast 
with one central dmte i1rntead of two, a. tlrn moYernent of coal in the 
brea t then take, ph1c<· iu the c nter, arnl the jugglers ou either side 
an• not so likely tu become un cated aud the 1mmway8 closed as when 
tlwre i a drawLolt~ 011 each ide of the brea t. Single-chute breasts 
ar al5'o often preferred in ga eon,· workings, because their counection 
with the gang,rn,r ca11 be mote verfectl,y sen~red and the \entilation thus 
r IHleretl rnon· effectiYe. 
lt "ill be ol>. ·<->rn<l tllat iu working b~- these 1atter metbods all the 
bony coal, late, sulp1rnr, and otller impurities a,re allowed to remain 
witu the coal fi1li11g th brea t, and thai wlie11 this coal is drawn out 
au<1 run iuto tlw rninP ca,rs tb.is r .frnw is still iu the coal an<l. must be 
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separated from it in process of preparatfon. At some colllerle~ a load-
ing platform is built in the chute below the drawhole, and as tlie coal 
run out upon tllis platform the slate is separated from the coal and 
tllrown into a subdivi ion of the chute, where it lies until a, ca,rload of 
refn e is obtained, when it is loaded into a mine car and se.ut out to be . 
<.1 umped on the waste or rock piles. 
When the bed is uot thick euough to carry an indepe11dent afrwa;r 
,over the gangwa~, the chutes are driT'en up until they intersect the 
!wading (airway) and the breast is opened out just above tlie airway, a, 
battery being built h1 the heading immediately above each chute, and 
tile air is then coursed tllrough the breast. A manway iR sometimes 
driven up through the center of the stump pillar uutil it intersects the 
heading, and this is then used as a tra-veling way and to take up tim-
ber, ete. A modification of this lJlan is often effected by driving the 
-clmtes a few feet above the afrway before opening out the breasts to 
full width. 'l'his leaves tbe airway open. A brattice or door is placed 
iu the airway midway between the two chutes and the air is coursed 
through the breast; but in case of accident to any breast by closure of 
the manway, the ventilation of otller breasts is restored by opening this 
<loor. 
To iusure good ventilation in sing1e-clrnte brea~ts, and reduce tLr-
risk of closure to a. minimum, a mamvay is often driven up {n the pillnr 
b tween each pair of breasts, and after being driven up a few yards is 
forked out to intel'sect each breast. From the tops of these branches 
juggler manways are canietl up eadi breast, as in other plans of work-
ing', 
When the coal dips teepJy the gangway is not infrequently driven 
in the top bench of coal, against the roof, instead of against the floor 
tue ri k of clo ur by crushes being much decreased and the excessfre 
)itch of tlie clrnt s being reduced by this plan. The cost of working 
.i increa ed by the increased length of the chutes, manways, and air-
way cro -cuts. 
In ingle-chute breasts the main chute is not always at the center, 
hut i som time on on icle of the breast, and a manway chute i 
<lriY 'Ii up on tlle oppo,'ite ide to take the man way (surplus) coal and 
furui. h ready ace s at al1 tim to the working . On very steep clip 
tu lower n l of the chut is lantccl or curved to check the descen t of 
eoal from th~ battery HJHl pre\"Cnt it fl'om jamming iaRt and L>locking 
tb(: clmt . l 11 a<hlition to thesp metlw<l · of working steep pitching 
br ,a. t.·, mauy other 1,la,11 ba,e b <·n d vi, eel, ·ome of which have been 
tried al)(l ah, Jl(lon cl · aucl , om .. are uow iu u eat a few collieries; but 
th a o,· ·· le cribed plan,' Y •1· th . ential feature, of all the method 
iu gn1 ral u . 
Uinin[J or outti11g cnal.-The a ·tual mhling or" cutting" of bitmuinou 
~o l i · effi -te r m king au uncl rent with a coal pick in the bottom 
nch r fl r r . le te partiug 11ear th bottom of the be<l, and then 
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breaking down tlle coal by wedging, by blasting, or with a pick. The 
undercut is 2½ to 4½ feet deep and 6 to 12 inches high at the face and 1 or 
2 inches at the other end. Anthracite coa1 is not only too hard to be 
undercut in this way, but is so brittle and the splinters flying from the 
coal are so i:;barp that few miners would be willing to expose face and 
eyes to the flying fragments. The mining of anthracite also presents 
difficulties that will not be readily overcome by any coal-mining ma-
chine. The coal is too hard to be scraped off by rotating cutter bars, 
and the percussion cutters are not, in their present form at least, 
adapted to this work. In addition to the difficulties presented by the 
hardness of the coal, the steep pitches on which most of the coal must be 
mined would make it very difficult to adjust a machine and hold it up 
to its work. These are some of the reasons why coal-cutting machines 
are not used in the anthracite regions. After visiting the mines and be-
coming familiar with the conditions, the inventors of these machines 
have not cared to try them at this work. 
The principle of underholding is employed in anthracjte mining, 
but the undercut is from 3 to , or 8 feet high and is made by blasting. 
Sometimes the plan is reversed and the top benches are first attacked 
and the bottom benches raised afterwards. Gunpowder is preferred to 
the higher explosiYes, as these shatter tlle coal and produce too much 
fine coal. In fiery (gaseous) workings explosh-es of the dynamite type 
are sometimes used on account of the lessened risk, gunpowder mak-
ing a long flame and being much more likely to fire the gas. The 
direction of the cleat or cleavage is practically disregarded in anthra-
cite mining, except in so far as it influences the miner in choosing the 
best location for shots. 
While anthracite is too hard to be readily worked with a coal-cutting 
machine, it is soft enough to be readily drilled with band-boring ma-
chines, and many of these are now in use, in some mines to the exclu-
ion of the common drill. The ordinary drill is dressed to quite a 
chi el edge and of fish-tail style, is 5 or 6 feet long, and is used as a 
"jnmper" or churn drill. The band boring machines are simply augers 
with a poRitive screw feed and a clamping deYice, which is commonly 
fastened in a, sbaHow hole to hold the drill in place. There are many 
differe11t st~·les of these <lrills now in use, but they are an practically 
the same in priuciple. An efficient miner, understanding or having the 
"knack" of using these macllines, will bore a hole about twice as fast 
as it can be tlrilled. But the minerR dislike this kind of labor (the 
turning of the crauk), and many caunot be irnluced to use them. As 
the miners commonly are paid by the ton or car or by the nurn ber of 
yards driven, they are allowed to use whichever s tyle of drill they 
prefer. 
111.ine railroads.-The gauges of antliracite-mi11<• railways vnderground 
range from 22 to 4 feet; 3 feet and 31 feet are the gauges in most com-
mon u e. Tue rail~ are iron and ,1'eigll from 20 to 36 pounds per yard . 
• 
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Fi.'b-plate joint.' are used on maiu haulage roads; on bmnclie::: and sicl-
iug tbe rails are ·0111monl_\ .-~viked do\\·11 butt to butt. The split-rail 
witcll, or "l;;i,tch," is largely n ' ed, aml the onlinary movable-mil swit1.:h 
i al o extensively u~ed . "Latcbes" are maue self-closing by bolting 
them tog-ether an d attaching them to a metallic spring. counterweigllts, 
or au elastic polf Leld in place by staples at one side of the track . At 
tlrn foot of slopes all{l planes tlJe switcbes are, whenever possible, so 
arrauµ;t>u tJ,at the loaded car nms in to the foot of the plane by gra \"it,r, 
and tlte empty car is bken off l>y a switch a few feet" above the bottom, 
o that it mus away from the bottom by gra,ity. In planning tlie 
arrangeme11t of tracks 011 slopes antl planes, it is always considered ad-
Yi able to place as few :-;witcl.ies as possible ou the slope itself; to k eep 
the rnain tracks unbroken; to make tllem as straight as possible; and 
to ha,e nothin g , tauding- at the bottom in direct line with tlrn slope 
track, . 
, Then the top< '·~-rapli~- of the grouud permits, the prernili11g practice 
i to huil<l the L1 (·,1kn in dfr ct Jine wi1 h the slope, arn1 to continue tbe 
lope track· up on a tn•st le to tl.ie top of the ureaker . The w~11ding ell-
giue i ' either un<ler tlle breaker (a, bad pla.n) or in a contiguous engine 
botve.; but to se<·ure sufficient "lead" between tbe km1ckle pulle~-s or 
heaYes and the drum, this must be placed at some di~ta.uce, and if 011 
higher Jrourn1, tl1c arrangement must he such that the cars on 011e sidP 
can pa s OY r or l,eneath the rope on the opposite side. When the ei1-
gine a11d drum a:·t• 011 a lower level, the rope is often passed through a 
count ·rw ·ighted Hlide block 1>laying in guides below the landin g floor. 
Tb rope pa8"- , throng-Ii a long slot in the floor and through tlie lide 
blod:, but the l1olc i11 thi i8 small and catches the rope socket, a)J(l the 
·onp1iug hook a11d c.:haiu are tbm; held iu position for the uext car. Tb~ 
cotu1tl'l'\Yeig-ht keql. tlie rope taut, tbiti heh1g 11ect)ssary to prevent the 
coil: from i--lippil1g, ,·priugiug- loo.·e, nn<.l OYe1-lapping 011 the drum. 
Th,• .-JopP tiack, arc i-,om<.•tinw:-- ·ontinned up above the landing, arnl 
tlie (·oal iH dumped by openi11g tLe uoor, which is tbeu placed 011 the 
low<.·1· t'JHl of the car. The coal fall through an opening iuto the clrnte 
a the t"P of the breaker. . thP weight of tlle cval i~ thr°'rn again.,t 
tb door Jf the car, it. weak ·t point, thi plan i not commendable. 
In the oprrati n of i11side . love, the kind of moti\'e power to be w.;ed 
i the mo:t imJ>ortant problrm. A8 it i. e pecially desirable to r ,,lnce 
tlP pow r 11 • cle<l to a mi11imum ·ncll . lopes honlcl be double rigg l 
(wit}, tw rop .-) wh n ,y r 1 o, ible, . o that tlrn re ·i tance to l> O\·er-
com · will >1t!_y h , th, t du to the w ight f the rope and coal and fric-
ti 11: th w •i 0 ht of th min car 1 iug Jirninat d. But iugl -mpe ,'lope 
nu 1 ·r~ronrul , r more · mmon than wonld h exv cted, not,ritb.'taml-
ing h • <lama~ : •ntail <l ~- th pr :enc . of ,·team nndergrouJHl. 
... Ian~· iJJ. id , lop•, are 1 ow opt!rat d hy ngin , locat ~d on tll nr-
fa · th r 1· . h •iwr c·onY yed tt:Hl ''gnmnd through th maiu ·}rnft 
lil r •a· that ha, h •en holed t1rough to tLe urfa ·e, 
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and more r cently tllrongb wrtical bore holes dril1ecl for that purpose. 
Thi latt r plan eem to give perfectly satisfactory result8. 
A few colliery managers are m,ing compressed air to drive the inside 
slope engine . Wbil tbi is doubtless a decided advance over tlle use 
of team underground, it can hardly be considered equal to any of tlle 
plans wher these engiue are located on the surface. 
Tlle mir. are ometime. raised by a small car called a" ram" or ·' l>ar-
ney," wbich i · attaclletl to the rope. 'l'his car runs on narrow-gauge 
r ail laid between th lop track . Itri, es behind the mine ear, push-
ing it np the slope. They are seldom used on main boistiHg or inside 
slopes, but are in great favor for use on dirt planes. 
llline ca.rs.-The car u ed in the anthracite mines are of extraordinary 
ize, a ize made po sible only by the great thick1wss of the coals now 
being work ed, and made de._irable by other comlitions not present in 
other coal fields. A the car are commonly loaded. by gravity, their 
height i , only limited by the height of the gangways arnl by a <l.ue re-
gard to the maint~11ance of a certain degree of sta,l)ility. Their width 
i limited only by the width of the gaugwa~-~ nnd other pnssages, and 
their length by the wb el uase arnl by the slrnrpness of miue-road curves. 
Their length rarely exceeds 10 fef't, their width 5 fet't, and their height 
5z feet, outside measure. Their inside rnea~uremeuts are of course 
smaller. Their cubic ca.pacity commonly mngt->s from 70 to lf>0 cubic 
~ et, or in weight from 1ft tous to 4 tons. ..A. miue ('ar of average size 
hold about lOQ to 110 cubic feet, or from 2~ to 3 tons of coal. The 
weight of mine cars i commonly equal to about l.Jalf the weight of coal 
th y are intended to carry; thus a miue car with a carrying capacity 
of 3 tons of ~oal will weigh about lz tons. 
In .:'lrnpe and in tbe detail..-: of construction the mine cars in use pre-
sent an almo t endle variety. Some are constructed almost entirely 
of woo<l, others entirely of iron. In shape they vary from the broad, 
low c;ir of some of the "Wilkes-Barre mines to the high, narrow car used 
in tl.Je ScbuJ·lkill region, aud from the square, upright pattern to the 
bopp r -shaped style. In tbiu and flat coal beds the broad, low ca,r is 
preferred ; the hopper- baped car is be t a<lapted to the uarrower 
gauge wlien it i <le ired to increase the capacity without increasing 
the length or height of the car. Large, square cars of moderate height, 
with a capacity of 100 cubic feet or more, are slowly but surely replac-
ing all otber pattem at mines where tile height of the bed, etc., per-
mit ; and tl..ie preRPnt tende1wy is "trongly in favor of" inside wheels," 
that i , wheels fixed ou the axle and. ruuuing iu a box, like the old-st,yle 
railroad coal cars, iu t au of the loose wheels running on a fixed axle, 
uch a are in common u ' eat bituminous mines (a). Cars made of boiler 
iron have been tried. by ' Yeral of tl..ie operating companies in the past, 
but it i now almo. t uni Yer ally conceded that they are inferior in many 
a See Mr. Buck's opiuiou ou loose and fixed wheels in the bituminous mines of the 
Kanawha valley, page 137. 
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respects to the wooden-framed bodies in common use. Uast-iron wheels 
are used almost exclusively. Several different styles of hollow-hub, 
self-oiling wheels have been tried, but they have not met with general 
approval from mining engineers. This is partly due tot.he tendency to 
condemn every form of loose wheel as inferior to the fixed wheel. Tl.le 
po ition of mining engineers is doubtless well taken on this point, for 
with any cars carrying a weight equal to that of anthracite mine cars 
loose wheels must always be a cause of continual stoppages, accidents 
of all kinds, irregular running, injury to road-bed, and considerable in-
crease in the uet haulage cost. 
Underground haulage.-Rope haulage bas bern tried at only two or 
three collieries in the anthracite region. The conditions here are not 
such that much ~an be saved by this method cf haulage at present, but 
the future will doubtless see many of the deeper mines advantageously 
operated by some 8ystem of mechanical haulage by ropes. Mules and 
mine locomotives now furnish the motive power for underground haul-
age. 
Under the ordinary conditions of mine haulage, the detentions at 
turnout , delays from accidents, imperfections of road bed, and other 
peculiarities of mine haulage reduce the daily average amount of work 
performed for each mule to probably not over 50 per cent. of w bat would 
be done by the same animal under favorable conditions aboveground. 
W may therefore assume an effective duty of 25 to 50 ton miles (includ-
ing weight of mine car) per day, or, say, an average of 40 ton miles. The 
u eful effect in tons of coal is then about 25 tous hauled 1 mile per day 
by ach mule. The average cost of mule haulage underground ma.y 
be a urned at from 3 to 5 cents per ton of coal per mile . . Stabling is 
commonly JJrovi<.l d in a chamber near tbe foot of the slope or shaft; 
and tbe mul , once taken into the mine, are never removed except in 
ca e f prolonged u pension of work, accidents, or ill health. These 
table are generally kept in as good sanitary condition as stables abo,Te-
ground. 
It i apparent at :fir~t sight that mine lo<'ornotiYeR can only be em-
pl ed to advantag on long banls, or on she rt hanls where there is 
enough work to k p eight or ten mule bnsy. lo fiery mines their 
u mu tincrea e the dang r of accident, and in poorly ventilated mines 
th y anno e u,·Pd on acrount of the moke, heat, and tlie noxious 
ga gfr 'll off y th fir". Tb actual cost of haulage by locomotive ·, 
a b · rnul •,, vari w en , uch wide limits und r Yarying mine co11-
ition.· tbat it i l ubtful wli ther numerical data are of much value. 
w -v r, for tlrn purpo f ~pari n certain figure of interest may 
q t l. r m tim t tim tat m nt' have b en publi ·lied sbmdng 
"" ra ·< ·t f ix-t utll · · n to 1 cent- per ton pel' mile; but ~uch 
tim, · juy riaLl;r ontain 0111 - th actual dail, exp(•111-;e · " ·itliout 
r allow, nc ,. t', r cl 1 r,, i, tion. rrpair de., and if not actual mi -
r Ir•: •1Jtatio11. ar, i 11 ·t· u · ,· ,f JH' ·ulinrl - fc1xorable coudition , "good 
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luck," au<.l extraordinarily good management. The actual cost under 
average conditions canuot be, at present wages, less than 1 cent per ton 
per mile, and is probably ·rnry much nearer 2 cents per ton of rnal per 
mile hauled. I should place it at 1¾ to 2 cents per ton per mile. 
The mine locomotives in use are similar to tho8e used in bituminous 
mines, but they are commonly somewhat larger; thus, the following 
dimensions: Wheel base, 4 feet 3 inches; gauge, 3 feet; drivers, j feet 
2 inches; tubular boiler, 56 tubes; grate area, about 5 feet; c;, limlers,. 
8 inches in diameter, with 12-inch stroke; <lome, 1 foot 6 inches; tank 
over boiler, capacity 220 gallons; weight, about 7 tons. Many ('ngines 
of larger size are used, thus: Cylinders, 9 inches in diameter, with 14-inch 
stroke; weigbt complete, 8 to 9 tons. 
Hoisting machinery.-The winding engines now in use arc m·::1,rly all 
built with liorizontal cylinders and ordiuary plain slide valves. A Yery 
large number of geared engines are iu use, in which the driving pinion 
is connected by "second" or "third motion" to the drum, and sucb en-
gines are known as "second" or '' thir<l-motion" eugines, in co11tradis-
tinction to the direct-acting or'' first-motion" engines, in which the main 
drivi11g cranks are placed on the drum shaft. As the various friction 
gear· are used to but a limited exteut iu the anthracite mining- region,. 
an<l almost oeYer on main hoistiug machinery (their use being·cou:fined 
to :short planes, breaker planes, dirt planes, etc.), engines with.ex1>ansive 
Yal Ye gear are not used. 'Ibe journal 8, <lrnm 8haft, pedestals, connect-
ing rod, anu piston rod are all made larger than on ordinary engines; 
this is especially necessary iu the large first-motion or direct-act iug en-
gines which are now rapidly replacing the old-style geared engiues. 
Wimliug-engine foundations are, almost without exception, built of 
stoue. ·Auy 1:,aadstone that may be fournl iu the neighborhoo(l at all 
suitable to the purpose is use<l. The stones arc rarely dressed with c·are,. 
exct'pt, perhaps, the upper courses, finish not being consiuered much 
of au object. The height of the pillars is made sufficient to giYe clear-
ance for the <lruru and for any connections beneath the engine floor-in 
otlJl':'r won18, all the cellar room needed-and to give sufficient weight 
to in ure absolute stability an<l. rigidity. The hol<ling-uown bolts are· 
built in tue masoury, instead of being placed in bolt boles left ·for that 
purpo e. 1ll placing tbe large engine at the Pottsville deep shaft the bolts 
were in erted in bolt holes drilled with a diamond drill after the eugine 
pillars were fini 'heel. The use of timber seats is now limited to small 
engine·, engines erected for temporary use, an<l small engines i11 whieh 
the bed plate is all cast in one piece. For winding engines timber seats. 
are not now considered allowable. Even in underground work the 
ad.option of ma onry pillars and Reats for winding engines arnl pumps-
is becoming common, and many engineers consider it the ouly good 
practice. 
The large dil'ect-actiug winding engines now coming into such gen-
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eral u , arc of cour e built iu pairs. Their cylinders range from 16 or 
1 to 45 iuclies iu tfo1111eter, au<l their stroke from 3 to 5 or 6 feet. 
Drunis.-Uoui ·al <lrnrn are coming iuto general farnr for use at shaft 
collierie , but as yet 01Jly a few ha,e been 1.mi t, and cyliu<lrical drums 
are till i11 geueral u eat both .·lope :rnd shaft coal mines. Uylirn.lrical 
drums of moderate, ize are constructed of hea ,-y cast-iron spiders, \Tith 
ix or eight arms, covered with a lagging of timber 5 to 8 incl.Jes thick. 
Some very large drums are in use; tuns, at Kohinoor chums 20 feet in 
diam ,ter are use<l; but at most collieries tl1e drums are between 8 and 
16 feet in diameter. Very few shaft collieries are now opera.ted with 
drums les1-; tha11 JO feet, au<l tlrn majority of shaft workings ham drums 
12 feet an<l upward~ iu diameter. Drums at slope collierit•s commonly 
range from 8 to 1~ feet in diameter. It is now a wt>ll-recog11ized princi-
ple that the drum sl.tould always l>e more tlum 1 foot in diameter for 
each one-fourth inch in tl1e diameter of the rope; thus, for n, rope 1~ 
incbe, in diameter tl.ie <lmm should exce.ed 6 feet; aud in tile anthracite 
region these figures are commonly doubled. 
Wrought-iron band brakes are used to the almost entire exclusion of 
oth r forms. They are sometimes operate<l by a treadle, but more com-
monly by a hand lever. On some large wiotling plauts steam brakes 
ha,v beeu trie<l, but they are apparPntly open to several objections, 
chief among which are their rapidity and Yiolence of action. Tpis has 
b 1n overcome in one ca e by controlling tl.te throttle with a slow-mo-
tion crew, so that the steam is admitted Yery 8lowly; but it is evi-
dent that thi:, cannot be an entirely atisfactory method. Some very 
large" fir t-motiou" engines are supplied ,Yith a steam reYerse, to assist 
th ngineer ill throwing· O\'er the revrrsing lever. 
Gage rests, ke p .-The ·e do not differ materially from those in use at 
En°·li:h ollier-ic ' . The" top "to prevent the mine cars from running 
int tht· ,·lrnft and from running off 1be cage are also similar to tho e 
u. ( d i11 oth r miniug di trict . 
l'age. ·.- i11gle-d ck cage are u, c>d. ·when the deeper parts of the 
coal l ~vin are w rked, year hence, it will doubtless be found neces-
: ry t introduc d ubl -d ck cag . , but at pre ent they are not needed. 
Jr u ·age are 1 rg Jy u ed, but a cage <;on tructed of wood, with iron 
ti r d an<l brae , oubtl : gh-e · better ervice and is much more 
r ",Hlil ' r 'pair d when injured in any way. 'elf.dumping cages are 
11 w only u · d in br aker, · for mi iu r the car from the ground to the 
"1,latf rm ·hut . • 'unboat " (a 11am cri\° n to large self-dumping 
' . ki · · n. tru t <l f plate iron) ar,. u. ,(1 at man_y lopes on which 
th <li t o t 1 to rai · th, ruin ·ar , without th u e of a slope 
r ·a . Th gun oat i ma t 1.1 ld one or two carloads of 
· al. uul o t ar now L u; to . om xt nt for rai ing refu e 
( ·ulm r k l t ·.) n clir plan<· . 
'(lfty clutolle .-'lh lawr qui.re·· au imp oY d ,·afity catch" on 
l £ r 1 w riu 0 • r 11 i:ting ill 'll; tbei- fore afety 
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clutclles are used tllrongbout tlle authracite region. Tlle;r all depend 
upon ome kiu<l of a pring to set tliem iu operation; rubber <.m~luons, 
'piral an<l traight aml torsio11 8priug~ ;ire used in the different forms 
of clutches in m;e. TLe clutdH.'s ,rbieh !Jave gi\·e11 the best results are 
tho e in which tbe <logs are cam-shapedl. with serrated surfaces that 
gra p the guide. Uhisel-poiuted bars thrnwu agaiust the guide are nn-
certaiu in actiou; clamp hol<ling by friction ouly Lave uot giveu satis-
factory re1mlt ·; aud cam-shaped dogs with a chisel edge Laye been 
found unreliable, aud often do considerable damage to the guides. 
Other safety a.ttachments to the winding- machinery are the bridle 
chains, bonnets or m16e coYers, all<l detaching hooks. These latter are 
not-viewed with farnr here, although largely used in European mines. A 
winding engine under perfect control, an efficient brake, and a sober en-
gineer, are better safeguards against overwiuding than all tlrn detach-
iug hooks that can be invented. Such applia,uceR . are at best uucl'r-
tain in action, aml are at times the cau:se of 8erions casualties. ln<li-
cators driveu by positive gearing from the wimling maellinery are uow 
coming into general favor. 'rhey are certainly a great improvement 
over the ol<.1-style chain or 1:,tring intlicator, and, with tlle addition of 
gongs to warn the enginen agaiust oYerwinding, are all that oould l>e 
desired. The moutlls of all sllaft1:, are iuclosed by gates, and those not 
in use are ecurel;y fenced iu or covered over. The gates are automat,-
ically opened by the car ruuuiug off tlle cage, or are lifted by the cage. 
Signaling i8 done by means of au ordinary wire and hammer aud 
plate or goug; but in additiou to thi1:, every colliery is provided with 
speaking tu bes, so tllat orders may ue freely transmitted from top to 
bottom, and vice versa. These speaking tubes are commonly made of 
ordinary 2-inch iron pipe. Instead of blowing a, whistle to attract at-
tention at the other end, the common practice is to rap on the pive. 
Speed of hoisting.-Where a large output is haudled, the neces:sity for 
all the afeguar<l that can be thrown a.bout the mine and the individual 
employes becomes at once apparent. 'rhus 'a colliery putting out 1,000 
tons of coal a day requires rapid and uninterrupted work. .As a mine 
car of coal will make about 2 tons of merchantable coal, 500 cars of coal 
must be raised. To do this in eight hours the cages must average 622 
runs per hour, or, say, a maximum speed of 70 runs per hour; or oue 
winding, including shifting, signaling, etc., in about fifty-one seconds. 
The actual time of winding and seating t.he cage on the wings would 
be about thirty-five seconus. If the depth is 600 feet, the speed in the 
middle of the run must be about 40 feet per second. .At the Pottsville 
shaft, the depth being 1,000 feet, an average speed of 35 feet per second 
i · easily made, which means a speed of 40 to 45 feet per second in the 
middle of the run. It does not seem probable that any practical work 
will be accompli lied much ruore rapidly tLan this, and it is extremely 
doubtful whether it is de irable to contemplate any attempts to increase 
tlle running speed beyoml, say, 45 to 50 feet per second. However, 
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with the large conical drums, with traveling guide to keep tlle rope in 
the croll (grooYe), with large (16 to 20-foot) tension-bar shea, es and 
phrenix column hea<l frame, with <letaching hook, :::-:afety go-rnrnor, steam 
brake, and steam reveri::,e, a plant like tlii~ Pott~wille sha±'t winding 
plant may safely attain results that eould not be complacently Yiewed 
, a legitimate performance by inferior macliinery. 
Ventilation.-In the deeper parts of tbc Wyoming basiu 110w being 
dev loped the best means of securing adequate ventilatiou is the most 
important mining problem. In the deeper parts of the Schuylkill and 
Second basins this problem will also be of engrossing interest, as :fire-
damp i::1 there also extremely troublesome. In the Wilkes-Barre diRtrfot 
workings on the lower levels are uow opened with two airways driven 
paralle'l to the gangway, each being 6 or 8 feet high by 12 feet wide, 
and even when this is done it is sometimes necessary to let the gang-
way tand several months to drain tlrn gas from the coal before it is at 
all afe to attempt opening out tLe breasts. When two nirways are 
driven, tbe gangway is located between them. The air is co11veyed into 
tlie fac (lleading) along the ga1.1gwa,v, arnl is here split iuto two cur-
r ,nt , 011e being sent out through each airway. That 011 ~b e lowt·r side 
of t~e gangway (uext to . the soli<l) is frpq11e11tly t"xplosi\'t_~ , although 
!0,000 to 60,000 feet of air per minutt> 111ny he passing tllrougb it. 
Throngli ut tllis Wilke -Barre district the airway~ are commonly from 
70 t 100 foet iu cro · 'ectional area. fo the small Lehigh basins and 
ill working 011 the margin of the larger ha iu~ from 25 to 40 square 
fed i ou 'idered large <:'nougl1, except for tile main return airways from 
x.t n ·in~ working . Uro -headings bet,reen breasts: and those con-
n ·ting the airway and gangway, are c1l ways driven as small as they 
ca11 ' a£ ly mad . Thi, i , of cour e, owing to the fact that they are 
for temporar · u 'e uly, and must aftl:'rWal'(1S l>e closed by stoppings, 
bratti , or door . 
or lo ated on main trav ling ways are sub~tantially constructed, 
with h ayy ,' ill built into ma onry on each side, au<l the door itsrlf is 
a a, li(J'ht an<•l , o that it i,· elf-clo ing. All of tl1e main doors 
ng,; a, ar p n d ancl clo:--e1l by a doortender ('' trapper boy"), 
, ol du y i · to p n au l <:lo, the door for tbe pa~.'age of cars and 
m •n ancl to that th <lo r i ,· hpt co11< tautly clo ed at all otlier times. 
n ·n •b g-an~way.· th door.· ar in pair, , at a ·nfticir11t di ·tance apart 
t all w 011e cl or to l elo · , aftn a trip of car,' lia 11as eel before the 
tb ,r <l or i.· op ·1H ,l. 
' t ppin ,· · t ·lo , , 
ail 
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Brattice are necessarily used largely in nearly all anthracite mines ; 
but a it i practically impossible to make them even approximately air-
tight, there i a growing feeling against their use, and especially against 
long brattices. 
OveI"casts, or airway crossings, are avoided whenever and wherever 
it is pos 'ible to omit t.hem; but wllen they must be used, they are now 
built as ubstautially as possible, so that the risk of destruction by any 
mine disaster i reduced to a minimum. To remove the possibility of 
nch an occurrence, airway crossings are sometimes made by driving a 
cross-cut airway in the 1·oof rock over the gaugway, separated by several 
feet from the rnaiu ·haulage way. 
Very few anthracite mines are now ventilated by furnaces. For mines 
of shallow depth fans are un<loubtedJy more economical, and for deep 
mines, generating gas, the use of furnaces underground is accompanied 
by too much danger. 
Safety lamps.-Tbe use of safety lamps is now generally restricted to 
work necessary iu opening new workings, driving gangways, airways, 
etc. Safety lamps by 110 means insure safety; and as this fact is com-
ing to be more gener.-tlly appreciated their use in mining is being re-
stricted, and naked lights are used almost entirely, safety being insured 
in all the workiug places by a sufficient current of air to carry off and 
so dilute the gas as to reuder it harmless. 
Fans. -Fans of the Guibal type are now regarded by nearly all an-
thracite mining engineers as superior to any other style, and these fans 
are urely replacing all other forms. A few clouble fanf-l are in use, but 
the claims made for ventilators of this class cannot be substantiated. 
The actual work of a fan is dependent upon tlle speed of the tips of 
the va,nes and is practically h1dependent of the width. A double' fan is 
about equal to a single fan of width equal to the two joined together, 
and it will practieally do only a trifle more work than a single fan of 
ordinary width. Fans are commonly mac.le with a width equal to about 
-0ne-ihir<.l their diameter, and with inlet orifices having a radius equal 
to about one-half the radius of the fan. The spiral ~ommonlycommences 
about opposite the throat or discharge, and the discharge or outlet 
. when the shutter is wide open is about one-half the radius or less; but 
this orifice should of course be made to meet the requirements of the 
mine and the calculated or supposed performance of the fan. Ape-
ripheral velocity of about 3,000 feet per minute is commonly considered 
to be about as high a speed as it is well to adopt nuder ordinary con-
dition, , but in emergencies the fans are sometimes run up to double this 
speed. Very large fans are run relatirnly slower than small ones. As 
yet comparatively few fans ruore than 20 feet i11 u iame.ter are in use, 
although a few 30 aucl 35-foot fans are foum1 i11 the Wyoming district. 
A very large number of 16 aud 20-foot fans are iu use, an<l very many 
12 and 14-foot fans, but very few fans less than 10 feet 1u diameter are 
to be seen in any part of the anthracite region. 
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Economy in 1ni11ing.-l t nrny be well to refer here briefly to some of the 
principle go,erning e,er.) miuiug engineer in his endeavor to reduce 
the c ,'t of rniuiug mid prepar111g coal. Economy must, be exercised in 
, r,r branch and department of the business. 'This is axiomatic; bu~ 
in no lrnl-,ine s is a fat e economy so surely followed by ultimate increase 
iu co, t n~ in authracite coal mining. Timber of good quality, well-built 
c;i n, cages, and framing of all kinds, substantial machinery constructed 
of tlle be ·t materials, thoroughly good fans and pumps and boilers, these 
ar, all neces nry if coal is to be cheaply mined and prepared. In the 
,trnmgewent of all machinery, and in devising the mining methods, one 
principle must always be kept in view as of pre-eminent importance, 
namely, the reduction to a miuimurn of tlie labor of handling the coal 
by moviug it entirely by gravity if this is at all possible. The coal runs 
to tue mine car and is loaded by gravity, it js then raised to the surface 
and to the top of the breaker, is dumped and flows down o,er the sr,reen 
bars, through the crushers, through the screens, do,Yn the pickingclrntes, 
through the jigs into tbe pock(·ts, and theuce into the railroad car, all 
by graYity. The same principle applies to iu,watering the mine, to tbe 
removal of refuse, and to the conveyance of timber and supplies iuto 
the mine. Switches are made automatic. so are also car locks; the 
car are dumped by a eJf-acting dump or some other automatic device; 
and, in hort, Land labor everywhere is reduced to a minimum by £110 
employment of automatic devices, by replacing it by machine work, or 
by , orne arrangement by which it is rendered unneeessary . 
Surteys.-Only commendatory criticism can be made of the anthracite 
miI1e ·urv~r-. They are second only in accuracy to some tunnel work, 
and can be given to the engineers of all countries as examples of quick, 
accurate work from method not ouly satisfactory in results but expe-
ditiou an l tru tw rthy, although employed in the presence of uurner-
ou diffi ulti . Th geological maps con tructed by tbe Penn ylvauia 
eologi al Survey from the ·e mine urveys are sufficient te timony to 
thi fact. 
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carele n on the part of the miners and laborers. The ventilating 
method in gen ral u , and the system of periodic inspection of all parts 
of th mine y fire l>o e , insure comparative immunity from serious 
ca~maltie ilffoh·ing th whole of a mine or even a panel of workings; 
but th occurr uc f mall explosions from local accumulations cannot 
b pr v ut d when th miner fails to obey instrucbons and is heedless 
f th warning · r lir ction giY n by the fire boss or s11perintendent. 
Tlle dn ·t f anthra •it mine i · apparently not a direct cause of explo-
sion. , nor do i app ar that this du ·tis auxiliary in producing explo-
~iou " or participat in the com bu tion during an explosion. In this it 
~Yid ntly differ · wid ly from the behaYior of the dust of some bitumi-
nou mill ' . 
Jlfiscellaneou accidents.-The principal source of accidents in anthra-
cite miniuo· i, to b found in roof falls and falls of coal. Thus, from 
1871 to 1 O, out of a total of 7,886 casualties, 2,827, or 36 per cent., 
were cau ed by rock, slate, or co::il falling on the miner from the roof . 
.Accidents in P ennsylvanie, anthracite mines, 1871 to 1880, inclusive . 
. 
Cause. Fatal. Not fatal. Total. Per cent. 
------------------1·--- 1·--- --- - - -
Roof falls . . . . ......... .. ... . ..... . ......... . .. . ...........••. 















7,886J ___ ~ 
---------·--------~- ----~---
Many of these ca ualties are unavoidable, but a large percentage of 
the accident from fall of roof andcoal could be avoided by closer atten-
tion to the placing of props, by more careful inspection of the roof, and 
by the exerci of great caution whenever blasting is being done in ad-
joining working . Accident of this class commonly occur at or near 
the working face where the miner is at work. Although they form 36 
per cent. of the total ca ualties, they constitute over 44 per cent. of the 
fatal accident"' , thu showing them to be more serious than accidents of 
any other class. 
The accident embraced under the head of" miscellaneous" are divis-
ible into a multitude of different classes, no oue of which is of especial 
interest. Premature firing of blasts, kicks from mules, accidents from 
mine cars and locomotfre , from machinery, by falling down shafts and 
slopes, by drowning, by suffocation, are some of the many causes of the 
3,838 accident embracnl u11<ler thi... head. 
The accidental death' from a,11 cause· may be considered iu late years 
to average 220 per J" ar, and the uumber iojure(l to aYerage about 570 
per year; but thi does not include mauy trifling injuries uot reported 
to the miuc in pector . 
Mine fires.-The mean mo t successfully used in fighting mine fires 
are: 
1. Throwing water directly on the burning material. This can only 
be done when the fire is not extensive and is accessible. 
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2. Drawing the burning material ont of a breast; this being possible 
only in the ca 'e of steep-pitching breasts. 
3. Sealing tile mine to exclude the air. 
4. Sealing the mine and introducing steam. 
5. Flooding with water. 
Tbe last i the only sure method, but as it always involves enormous 
expense, other methods are generally tried before resorting to this. The 
carbonic acid gas plan is no more likely to succeed than sealing the 
mine. If the mine can be rendered nearly air tight this method will suc-
ceed, l>ut if the mine is sealed in th1s way the fire wHl make sufficient 
carbonic acid gas to smother itself. For this reason the plan does not 
receive favorable consideration from mining engineers. 
Preparing coal for market.-For domestic use anthracite coal must be 
separated into grades of approximately uniform size, this being neces-
ary to in ure an even distribution of the draught. The largest size, 
"lump," which consists of pieces from the size of a large cocoanut np to 
lump ' weighing 50 to 100 pounds, is used principally in smelting iron 
ore and for oth 'f metallurgical purposes; '' steamboat" is commonly 
from the size of a mall coeuan ut to that of a human head, aud is ~tsed 
for metallurg·ical purposes and for makiug steam; "broken" is also 
largely used for steam making; and the smaller sizes, "egg," "large 
sto\·e," "stove,"" chestnut," and" pea," for domestic use; but the small-
e ·t izes, "pea" and "buckwheat," b~ing much cheaper than the inter-
mediate grade , are now rapidly replacing the larger sizes for use nnder 
boilers. 
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the "pea screen," which eparates the- pea and buckwheat from the 
'' dirt." But it mu t not be supposed that the arrangement of all 
breaker i planned after this method. The screens are variously ar-
ranged to m et the peculiar requirements of the coal. When the coal 
come w t from the mine the dirt must be washed from it, this being 
accompli <lieu by p ~rforated pipes or troughs, from which a shower of 
wat r cou~tantly fall· on tho creens and also upon the coal in the main 
bute on th grate bar . 
Th £ llowin°·figure' giv the maximum range in the sizes of mesh used 
for 't'pantting the coal into the different sizes: 
Lump coal pa see over bars plac d 4½ to 9 inches apart. 
't aml>oat coal passes ov r bars 3½ to G lnches apart, and through bars placed about 7 inches apart. 
Broken coal pass s over a mesh 2i to 2i inches, and throup;h a mesh ( or bars) 8¼ to 4½ inches. 
Egg coal passes over a m h li to 2¼ inches, and through a mesh 2i to 2t inches. 
Large stove coal passes ovor a mesh 1¼ to li inches, and through a mesh li to 2¼ inches 
mall stove coal passes over a mesh 1 to l¼ inches, and through a mesh 1¼ to 1½ inches. 
Chestnut coal passes over a mesh i to ¾ inch, and through a mesh 1 to 1¼ inches. 
Pea coal passes over a mesh i to i inch, and through a mesh i to i inch. 
Buckwheat coal pas es over a mesh f 11 to i inch, and through a mesh i to i inch. 
Dirt passl'ls through a mesh 1\ to i inch. 
The coal falls from the screens into chutes lined with sheet iron, known 
a " telegraphs" or "picking shutes," down which it passes to the 
pockets or hoppers, from which it is loaded into the railroa:l cars for 
market. Boys sit along these chutes ( or astride them), and pick out the 
fragment of slate and bony coal. The slate can be removed in this 
way from all of the larger sizes, but to clean the chestnut and pea coal 
by hand picking would be very expensive; hence, these sizes are com-
monly either not cleaned at all or the slate and sulphur are removed 
by jigs. Some ._creen are provided with a " slate.picking segment," 
in which the mesh consi ts of long, narrow slits, through which the slate, 
being flat, can readily pass, accompanied only by very small pieces of 
coal, which can be saved by passing the slate and coal over an ordinary 
round or square mesh large enough to pass the coal but too small to 
admit the slate. 
Waste in mining and preparing anthracite.-The waste in mining in-
cludes not only coal left in pillars to support the overlying rocks, coal 
lo t by a" crush" or" squeeze," but also all the fine, unmerchantable 
coal '' dirt" made by blasting and handling, and coal left in the mine 
mixed through the " gob." The waste in preparing includes the fine 
coal culm or dirti made by the rolls in breaking the coal, fine coal made 
by tlle creens, jigs, and shutes, and by loading, and also the coal lost 
by adhering to lumps of slate, etc., sent to the waste piles. I estimate 
the average waste throughout the anthracite region from these causes 
as follows: 
Percentage of total coal contained in the ground. 
Per cent. 
1. Coal left in pillars and lost by being crushed, etc...... . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • • . . . . . . 45 
2. Coal lost (in mine and at breaker) by adhering to or becoming mixed with refuse . . . . . . . . . 7 
3. Fine coal made by blasting and handling................................................... 8 
Coal wasted, exclusive of breaker waste .•...........••.•..••••..•••.•...•.........•.......•.•. --G-0 
Coal reaching the breaker (excluding fine coal, etc.) . .•. •••••• ••. . .••••. .••.•• .•.••• •••••• •••• •o 
2MR--fl 
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Assuming the waste made by breaking at 10 per cent., from screen-
ing at 4 per cent., and waste at ''lip" screens, etc., at 2 per cent., mak-
ing 16 per cent. of the amount reaching the breaker, we have : 
Coal reaching breaker ...... . .. . ...•.....................•....• -•... --- - - - . -.......•... -- . --
Per cent. 
40.00 
4. Breaker waste (16 per cent. of 40) ..•......•.....•.........•....••.••• -·. - • ·. -• • •• -- - .. -· • -- . 6.40 
Coal loaded into cars and sent to market ....•......•••........•..••...• . ....•....•.... -.... - . - 33. 60 
Coal wasted . ......................................................••..••.••.•••..••••••..•.•. - 66. 40 
Total . _ .. _. . . . . . . . • • . . . . . . . . • . • • . . . . . . . . . . • • . . . . . . • . • • . . • • . • . . . • • . . . . . . . . . . . . . . . . . • . . . . . . 100. 00 
To reduce this enormous percentage of waste is of such paramount 
importance that it is somewhat surprising that concerted measures are 
not taken by the different mining companies looking to the development 
of improvements in both t,he mining and preparing of coal. If this 
waste is to be largely reduced it is evident that improved mining meth-
ods must be adopted; that the 45 per cent. left in pillars, etc., must be 
reduced. 
The following improvements have been suggested; some of these 
plans are now being experimented with, and the reported results are 
favorable to their more general adoption : 
1. The" boundary" plan of leaving thick pillars to divide the work-
ings into panels, to localize the effects of a squeeze developed by rob-
bing out the pillars. 
2. The plan by which narrow workings are first driven, leaving every 
pillar of extra thickness until the mine is exhausted, and then robbing 
the pillar out. At many collieries the adoption of this plan would 
certainly increa e the percentage of coal mined from 10 to 20 per cent. 
A modification of this plan is made by leaving a 60-yard pillar between 
ea ·h two breasts, and opening two breasts in each pillar after the 
gangway has been driven to the limit, work then being commenced in 
the pillars farthest from the outle.t. 
3. The plan of driving to the limit before opening any workings. 
Thi would undoubtedly result in a large increase in the percentage of 
coal obtained. 
4. Veith' " boundary" plan, in which the pillar and breast stump 
above the gangway are left of more than ordinary thickness, so that 
the pillar can be robbed out as soon as a breast is worked out, with-
on fear of clo iug the gangway . 
. Brown' panel y tern, which is adapted to thick beds dipping from 
15° t 35°. 
6. Th rock-chute" plan of opening the gangways in a bed under-
lying the earn to be worked, and tapping the main seam by rock chute . 
h r thi plan can ado ted a large increa e in percentage of coal 
min can undonbtedly e made. 
7. L ng-wall an pan l working in flat bed of moderate thickne 
ma b ful, bu the po i ility of using either system in the an-
i ~ ry n tful. 
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The utilization of fine coal "culm" or "dirt" by manufacture into 
artificial fuel ha not been :financially successful, and it seems probable 
that we mu t look to ome method of burning this material in its pres-
ent form rath r than to it manufacture into an artificial fuel. An aver-
age of betw u · 12 and 15 per cent. of the total contents of the coal 
bed now worked i wa ted by being converted into culm or dirt. 
COAL MINING IN THE KANAWHA VALLEY OF WEST VIR-
GINIA. 
BY STUART M. BUCK. 
Kanawha coal has come into some promineuce within the last few 
years, and the object of these notes is simply to record the conditions 
under which the business is now carried on, without professing to bring 
forward anything new. 
Genera,l description of the district.-The Kanawha coal .field is a gen-
eral term, including all the coal seams opened on the Kanawha and New 
rivers with their tributaries, and may be regarded as covering the newly 
developed .Flat Top district; but it is generally limited to that part of 
the field having for an outlet the navigable waters of the Kanawha, or 
the line of the Chesapeake and Ohio railway, which descends the val-
ley of the Greenbrier to the New river, and follows that stream till it 
joins the Gauley at Kanawha falls, where the united streams take the 
name of Kanawha. 
The New River valley is a narrow cleft in the mountains, and is fre. 
quently compared with the western canons; but the Kanawha valley 
gradually widens, and affords bottoms suitable for farming. The New 
river is a succession of pools and rapids, but the Kanawha in ordinary 
stages of water is navigable for light-draught steamers to Cannelton, 
within 10 miles of the falls. The railroad follows the valley to Scary, 
where it leaves the Kanawha and takes a more direct course to the Ohio, 
which it strikes at Huntington. near the mouth of the Guyandotte river. 
The general geological structure of the country is very regular, and 
the topography of the region allows the employment of very simple 
methods of handling and shipping the coal, hut there is a great variety 
in the character of the coal mined from the different seams, and in the 
method of treatment. Up to the present time mining operations have 
been limired to the lands immediately adjoining the river and to a few 
tracts within 5 or 10 miles, reached by short lines of railroad specially 
constructed for their development. Coal was also- shipped for man~· 
years from the Peytona cannel mines, on Coal river, depending on a 
system of locks and dams for slack-water navigation to the Kanawha. 
The Peytona mines are now abandoned, and the locks and dams are out 
of repair. The natural features of the country are such that the way 
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i · open for additional lines of railroad through many side valleys, open-
ing up a greatly increa ed area. 
Tbe mountains ri e 500 to 1,200 feet above the river level, and con-
tain o much coal in sight, cropping· out in nearly horizontal strata, that 
there bas been no inducement to make any thorough search by boring 
for coal below the river level. The bore holes made have been mostly 
for alt well , and the reports of coal struck in them are not to be relied 
, on. The general and regular dip of the coal indicates what may be 
hop <l for on boring in parts of the country where any of the coal seams 
hav pa ed below the river level, but experience in working the seams 
aboYe water level shows tllat they all have their local basins of maxi-
mum thicknes , and that coal, which is valuable and apparently regu- • 
Jar in one place, becomes so pinched or changed in character within a few 
miles as to be quite worthless, so that geology alone will hardly war-
rant any large expenditure for the working of the lower seams after 
they have pa ed out of ight. 
The general dip of the Kanawha coal field is . to the northwest, and 
on approaching from the east along the line of the Chesapeake and Ohio 
railway the first coal met is at Quinnimont, where it appears high up 
on the mountain. This is geologically one of the lower coals of the 
... ew river series, which are worked at frequent intervals from Quinni-
mont to Hawk's :Ne..,t bridge for 30 miles, and then disappear below the 
river; while the next higher or middle coah1 of the Kanawha series 
come into prominence for the next 40 miles, disappearing in turn near 
Charl ton, to be succeeded by the third series, which is worked at Ray-
mond City. 
The Kanawha ha been called the special field for small capitali ts. 
Thi i till true in many places, but as competition increases and the 
m r in of profit become le it is necessary to extend operations and to 
work with a larger capital. There i nothing of special novelty in the 
ma ·hinery and appliance or in the plan of underground working here, 
but a. th r are light difference in different districts, and the method 
r gradu lly changing, it may be of intere t to put on record the pre ·-
nt y t m. 
t pre nt the whole coal field i uffering from the overestimate 
which 11 v b en made by it explorer in times past. Geologi_,t and 
mining ngin er who have been familiar with the more irregular struc-
tur f th r region eem to have been deceived here, and to have 
r 1i d t much on the r gulari y of the formation. In ome ca es th r 
ha" n don t duplicat d th earn , and in others they ham been con-
t n with finding th outer p f known earn , and then have tak u 
th m ur m nt I f oal and report of quality from point where 
th m ha th ir full t d v lopment, tru ting to the known reu-
f th formati n to c n:firm th ir r port, and ignoring the fact 
b am ha it ar a f pecial value, either in the matter of 
thickne , r quality, or both. 
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Thicknes of the beds.-It i usual to hear of 50 feet as the thickness 
am of 3 feet or over, but unfortunately most of 
, cti n ar gr ly exaggerated, and many of the seams which 
app ar w 11 n pap r ptove on trial to contain impurities which ren-
der th m w rthl , a the pr ent time. Doubtless such sections may 
be prov d in pla , u am ng the mines now working a total section 
of 12 :fi t w uld b r .gard cl a very favorable. The limit of workable 
thickn on tb anawha i u ually stated at 3 feet, but several seams 
1 , and probably 30 inches may be regarded 
a~ th minimum wh re th r are pecial inducements afforded by the 
ea· of minino- or by th uperior quality of the coal. 
Ownership.-We t Virginia coal lands are generally held in large 
grant , and often under conflicting titles. Many of the tracts to which 
a rlear title could be found are so involved by mortgages that they can 
only be taken a a whole by large capitalists, and cannot be divided to 
suit the requirement of individual operators. The river bottoms and 
lower slopes are often held under different titles by small farmers who 
control the approach to the coal lands in their rear. 
Character of the coal.-The New River coal is quite soft, with very 
indistinct faces; contain much mineral charcoal; has a low percentage 
of volatile matter, and is used principally for steam purposes and coke 
making. It is ea ily mined, and requires but little powder. It ranges 
from 30 inches to 5 feet in thickness, and requires less skill on the part 
of the miner, as it is taken, coarse and fine, just as it comes from the 
pick. The Kanawha coals are classed as splint, gas, and cannel. 
~lint is used mostly for domestic fuel and high-grade steam coal. 
It i noted for its toughne and regularity of cleavage, allowing it to 
be prepared in an attractive shape for market. It withstands the 
handling and exposure of a stockyard much better than ordinary 
bituminous coal. It is rich in volatile matter and gives very good results 
as a gas coal, but not better than other softer and cheaper coals. Splint 
coal requires more skill and care in mining than the softer coals, as the 
miner is paid on the basis of the lump coal which passes over the screens. 
Gas coal is softer coal, and can be mined more cheaply than the 
plint, while it gives as good results in the retorts. It is used almost en-
tirely for gas making, and to a very limited extent for steam purposes. 
Splint coal and the softer grades often form distinct bunches in the 
ame seam, and, if pos ible, they are then mined and shipped separately. 
Cannel coal is now being mined only at Cannelton and on Paint 
creek, and i used principally by the gas works as an enricher for other 
coal . lt is of very irregular or.currence and limited in area. 
Number of seams.-There is still some uncertainty as to the identity 
of the coal seams in different parts of the district, which will no doubt 
be cleared up by the publication of Professor White's examinations 
macle during the ummer of 1884, some results of which have been given 
on pages 91 to D7 of thi ·rnlume. There are at least eleven distinct 
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eama whic b are now being 'Worked at one or more points, but there are 
very few properties that will show more than two of the number in 
workable condition, although the section at some points includes seven 
, earns. 
Royalty.-A.bout half of tbe coal now being mined is from leased land, 
arnl the royalty is variously paid, either as a fixed annual charge with-
out reference to the quantity mined, or as a paJ·rnent directly propor-
tioned to the output; or, lastly, as a minimum, giving the privilege of 
mining a fixed quantity, any coal mined in excess being accounted for 
in addition. The royalty is sometimes regulated by a sliding scale, to 
ncourage a large production. 
The royalt.y may be on the run of the mine, as the coal ·comes from . 
the pick. This is common with the coking coal of New river. It may 
be on all coal passing over a E:creen of 1¼ to lf-inch opening, disregard-
ing the nut and slack. This is usual at the splint mines. It may 
be on coal passing over a five-eighths inch screen, disregarding only the 
lack.; In general the rate of royalty approache~ 10 cents per long ton. 
System of mining.-11he system of mining adopted on the Kanawha 
i almo t exclusively that of room and pillar work. Long wall has been 
tried in a few instances, but most of the attempts have been failures, 
aud the mines where it is now in progress have advanced so short a 
di tance that no decided deduction can be made from them. Long-wall 
retreating ha never been tried here on any large scale, and where long-
wall advancing was attempted in the past the effort was made to keep 
th roof up by timbering. Naturally it resulted in failure. The local 
pr uudice again t thi method is strong, but there are some coal seams 
h re where it could undoubtedly be made a success. The difficulties in 
the way are drainage and irregular work. Very few ·of the coal seams 
can depend on natural drainage over any extensive area, owing to the 
·li,,.lit dip and the number of local basins or swamps, so that as oon 
a: th roof ttle' the mine i in danger of being flooded, and the water 
11 ct in o man • 'catter cl de pre 'sion that it cannot be removed 
· nomicall . 
Th principle of lorw-wall work require~ uninterrupted progre ~, o 
that the roof may ettl r gularly, a.n<l oon euough after the remo,·al 
f th al to prernnt xc fre pre ure at the working face, allowing 
b min r' t c ntinu th ir work t p by tep under a new roof. Ir-
r ularit · of w rk may pro"" a eriou objection· to thi method of work-
in '· Ri, r bipm nt. ar liable to be interrupted by low water or ice 
th railr ad car uppl5- i ometime cut oft' for aw.eek at a tim . 
au r that, <lurin, ·uch a toppacre the whole working face 
l t. 
f th anawha, th u h oft n irregular, i com-
h ·our of th main en try ha once 
mak any change, but to lay out the 
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At ome of th New River mines the dip is heavy as well as irregular, 
o that the work cannot be laid out in advance, and the plan is neces-
sarily changed fr m tim to time to conform to the grade. 
Tb l cation of 111 ntri s or gangways depends in general on the 
o-rade for hauling th drainage of the mine, the ventilation, and on a 
c nveni ut divi i u f th land; but in most of the splint and gas coal 
miue an imp rtaut con ideration is to so lay off the work that the 
room·, which ar n-ually turned at right angles to the entries, may be 
driv n qu, r 1 · again t tb ~ natural faces of the coal. In the harder 
splint · al it i ahno. t irupo ible to induce miners to work rooms in 
auy otb r dil· ctio11, and ucb work is always injurious to the coal, 
'hatt ring it more in bla ting, and so lessening its market value. 
The ntri are u ually driven 9 feet wide, and all gob is then re-
moved. om time th y are 12 or 15 feet wide, with gob on one rib, and 
as an extreme ca 30 ft t wide. In this instance the coal is thin, and 
the roof slate, which i shot down for headroom, is a11 stowed at the side 
of the roadway. 
Both the face entry and the butt entries are usually driven with 
parallel air cour e , separated by a pillar of 20 to 40 feet, which is cut 
tllrough for ventilation at intervals of 7 5 to 150 feet; but when the 
opening of tbe mme i not being rapidly pushed, the face entry is often 
rnntilated by a parallel room driven ahead of the other8. After open-
ing out the min by means of the fir t pair of butt entries, it is a com-
mon practice to drive the remaining butt entries single, allowing every 
third room to hole through for ventilation. 
The rooms are opened from the entrie8 with a width of 9 to 15 feet, 
and driven narrow for 18 to 30 feet, when they are widened to 20, 30, or 
e\'en 45 feet. The u ual width is 24 or 27 feet. The widest rooms are 
worked with two tracks, and have some of the advantages of long-wall 
work. The Yarying width depends on the character of the roof, the 
hardness of the coal, and the amount of gob for which stowage must be 
found. It is ometimes con i<l.ered easier to keep the roof up in a wide 
room than in a narrow entry. The rooms are usually driven 300 feet 
long, but vary between 200 and 500 feet. When the pillars are to be 
<l.rawn, the rooms are u ·ually wjclened on one side only, and the room 
road is then laid along the rib, ready for use in drawing back tbe pillar; 
but in clean coal, free from gob, and especially in thin seams, it is often 
easier to relay the track after taking out the coal on a center road. 
The pillars left between the rooms are usually 12 to 15 feet thick, but 
vary between 8 and 30 feet. The thinnest pillar8 are not drawn at all, 
or are merely thinned aud broken through in places. The pillars of 
me<l.ium thickness are drawn back by a single room road, and those of 
24 feet or over are either worked from the double room roads on each 
'ide, or else are split and workeo. by a special road. Room pillars are 
drawn back to within 40 or 60 feet of the entry, and the stumps are left 
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to . upport the entry roof. The entry pillars and the room stumps are 
left till the entry is worked out, when they also are drawn. 
Pillar are usually drawn as soon as the rooms in a limited section 
.are finished, but some mine operators believe that the probably increased 
flow of water, when the roof is let down, more than counterbalances the 
value of the pillar coal. In such case the thin-room pillars are aban-
dou d and the entry pillars are left till the mine is exhausted. In the 
hard plint mines, which make a specialty of lump coal for supplying 
tock yards, the pillar coal, after sustaining the pressure of the roof for 
· a time, becomes brittle and will not bear handling. It then ceases to 
be merchantable coal. 
So many of the Kanawha mines are high on the mountain that un-
u ual facilities are offered for rear and side openings. In consequence 
of this the general plan is often more irregular, as the temptation is 
strong to avoid t,he expense of airways by pushing single entries through 
to the crop, on the plea that when that is once reached there will be 
sufficient ventilation. 
Cutting thecoal.-The undercut, as in other bituminous mines, is usu-
ally 3 or 4 feet deep, and is made in the coal immediately above the 
floor. In some cases a soft slate below the coal forms part of the cut, 
and rarely the work is done in a middle parting. ·Powder is used freely 
at mo t of the mines, but the block coal on Davis creek and the soft 
New river coals require very little. Wedges are only used incidentally 
for breaking down coal already shattered by powder. Black powder is 
u el exclu ively in blasting the coal, and high explosives are seldom 
u ed ven in rock work. No attempt has been made to experiment with 
lim cartridges or other substitutes for powder. 
Tool .-Mo t miner still use the ordinary coal drill, or jumper, but 
man f them, e pecially in the softer coals, employ the breast auger. 
A rat he drill i much used on New river for drilling slate holes, and 
iu th harder coal a limited n e is made of the patent drills manufact-
ur <lb· Burk, Grhnm, Howell, and others. The success of all these de-
p nd · n careful handling, and they will be slow in displacing theJumper. 
Pow r drill , driv n by compres ed air, have never been introduced. 
'ilfachine mining ha been tried to a limited extent, but not under fa-
v rabl circum tance . Both the Lechner and the Harrison machine 
ha-v en u ed; the latter at two different mine . Much difficulty wa 
:£ un in k eping up the repair of the Lechner machines, and when 
w rl .. wa p nde a d the mine changed hands they were abandoned. 
Th l rri n machin ar ver effective and require very little repair. 
Of th tw plan iutr duce h re ne wa r moved to Ohio, where it i 
r p rt d to oing good w rk ; the other is till at work, and consist·· 
f tllr arri n ma hine nd an Inger oll compre or. The e ma-
ar in u d wh r it wa found very difficult to get any hand 
acco n f t ardn of th mjning. They are now under-
1 w r b nc c n i ting f tough, pongy coal, lying below 
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the u ual mining tr ak. Thi gives an excessive amount of waste ma-
terial to llandl and mak impo sible any true comparison of efficiency. 
Tb te. t f th ma bin i very severe, as the coal does not fly freely 
from th I i k which ft n hang and remains fixed in the cut. The 
only difli •ul i with th Ilarri on machines have been the breaking of 
th hank f th pi k, u u lly at the key slot, and the splitting of the 
fork d •nd of th pi ·k. Th former difficulty is being remedied in later 
ma fone b · nlargiug th hank; th~ splitting of the point is often 
du t improp r forging under a heavy drop hammer, and can usually 
b , ch ck ~d b~- c , mall drill hole heading off the crack. 
Wb 11 labor i almnclant and wages are low there seems to be no 
ecouomy in machiu mining, but at other times there are marked ad-
vantage , notably in th great r regularity and control of the work, 
and in it ·one ntrati n. • 
Bank wagon .-Whenever it i possible the rehaudling of coal is now 
gen rally avoided, and the ame wagon loaded by the miner is taken 
to the final hippin · point; but when the tramway is very long the 
wear and tear of the small cars counterbalance the loss and expense 
of r handling. The ame is true on long and steep gravity planes, es-
pecially at mines working thin seams, limiting the size of the cars. 
When the coal i u 'ed wholly or in part for coking the item of loss by 
breakage di appear , so that on New river the general plan is to use 
a . tock bin at the head of the plane, and to reload the coal into larger 
car , known as "monitor ," holding from two to four tons. 
At mo t mines the Pitt burgh pattern is followed, and the cars are 
made without any timber frame, the planks being simply bolted to 
heavy iron straps. The dimensions are nearly everywhere different, 
depending greatly on the prejudice of the individual operator so far as 
regards gauge, diameter of wheels, length and flare of sides, but the 
height i.s generally controlled by the thickness of tbe seam. A fixed 
axle and loose wheel are generally used.(a) This avoids the need of a 
oli<l frame, brings the body of the car lower, and is at the same 
time cheaper. The wa te of oil i much greater in lubricating the loose 
wheels, but this is now being remedied by several patterns of self-oil-
ing box wheels, which carry a supply of oil two to four weeks in reg-
ular service, and seem likely to supplant the old patterns. Chilled 
wheels are generally used, ranging from 10 to 18 inches in diameter. 
Curved spokes with rounded edges are preferred, to facilitate spragging. 
Wrought spokes have been tried, but are not regarded with favor. 
The use of brakes depend entirely on the grade of the track. When 
thi ~ is generally light no brake is used, but the driver rides on the 
front bumper of his car and holds it back by pressing with one hand 
again t the mule's rump, using one or more sprags for occasional hills. 
On steeper grades the driver rides on the hind bumper of the loaded 
car, which be controls b;rr a brake acting on the wheels of one or both 
a See Dr. Chance's opinion on loost> ancl fixed wheels in anthracite mines, page 119. 
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ide . )lore attention i now paid to the use of thick solid bumpers, 
thu avoiding many accidents, besides increasing the durability of the 
car. 
The capacity of the mine cars varies from 800 pounds to 2½ loug tons, 
but car of the latter capacity are built with a timber bed-frame, and 
u e wheel· fixed on their axles. Cars of the Pittsburgh pattern are 
rarely built to carry more than 1 long ton. 
111ine traclcs.-Tbe room roads are usually laid with oak rails, 2 by 3 
inche , or 3 by 4 inches; but when the coal is thin, and the cars must 
be pu heel by band, T iron rails are taking the place of wooden rails in 
the rooms. Box ties have been generally abandoned, and the wooden 
rail are now spiked to the ties. Strap-iron on wood is rarely used. 
Entry roads are laid wit.h iron rails of from 8 to 24 pounds per yard, 
according to the size of the car employed, the rails in mm;t common use 
being 12 and 16-pound. 
The gauge. varies from 2 feet 6 inches to 4 feet 8½ inches. Where 
there i ample height; a gauge of 3 feet 4 inches or 3 feet 6 inches is 
commonly taken, but in low seams the ga,uge is increased, and the cars 
are. very much flared, to obtain large capacity with a limited height. 
Haiiling.-In thin seams the loaded cars are pushed by the miners 
them elves, or by pecial laborers, to the room mouth, where the entry 
roof i hot tlown or the bottom taken up, giving sufficient height for a 
hor e or mule. Wh never the coal is as much as 4 feet thick, or that 
height can be cheaply gotten by a little cutting in the floor or roof, 
, mall mule are u ed to haul directly from the miner. In general, 
mule ar preferred to horse , though the latter are cheaper. 
u e i made of in ide gravity planes, and there ar-e very few mines 
in the di trict where there is sufficient grade. No attempt has yet been 
ma l to introduce undergr und haulage by any of the modifications of 
the endl · r p . 
mall locomotive are u ed at many of the mines for service on out-
ide tramr ad • but very f. w mine in the Kanawha region are so ar-
rang 1 or~ ntilated a to allow their introduction for inside work, and 
Ha k ~ ti the nly plac where one i in use. 
Drainage.-M t f the Kanawha mines are so ituated that the bulk 
f th wat r i di po eel f y natural drainage, either through the main 
r ya econdary p ning on ome i<le ravine, but still the drain-
oft n an ann in and xp n ive matter, not o much on account 
1 1...tity f w ecau e it llect in cattered basins, from 
hi ·11 it mu ha in water xe at great expense, and to the 
ioJur. · f th r a way. f. w mall t am pump are in u e, generally 
11 ar th bank m u h tha t e xhau t ·t am can be letl out in pipe . 
. 'ipho pip ar u · t ma y f th mine and are generally tart d 
' of a u e i mad of compressed air, 
j t a1· in p ration. 
,·ai th t n fir damp i found in mine 
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working aboY water ltv 1, and it has often been asserted that fire-
damp i · uu]m wn on th Kanawha. 
With the exc ption of ome mines on Campbell's creek, which are a 
few fe t below the bed of the Lream and are operated by short engine 
, lop ·, all th Kanawha and New River mines are above water level, 
and many of them o biO'lt up on the mountain as to have openings on 
the sid valley of tlrn branch streams. It is true that no serious 
xplo ion have ever occurr d here, but gas has in several instances 
accumulnt din quantitie , ufficient to cause slight explosions, scorch-
iug ·th men who have fired it; and cases have also been reported in 
-which the ga escaping from drill holes in an entry has been fired and 
has continued burning for some time. 
The deep depression of the river bed and of the lateral valleys has 
doubtless aided thee cape of gas, and made the present workings safer, 
but as mining is continued and the openings are extended farther from 
the outcrop, the probability increases that gas will be found in serious 
quantitic . As yet there are no indications of any amount of firedamp 
which will not be rendered harmlees by even ordinary ventilation, or 
which will require the sub titution of fans for furnaces. 
Most of the mines are o damp that the much-disputed question of 
coal dust, as related to explosions, may be left out of account, but a few 
of the mines on New river, which are dry and dusty, present features 
-very similar to tho e of t.he Pocahontas mine, though on a smaller 
cale. 
Ventilation.-Till quite recently no general attention has been paid 
to ventilation on the Kanawha. This has been due to the general 
ab ence of firedamp and to the possibility of frequent crop openings, 
as well as to the failure of both operators and miners to realize the im-
portance of the matter. Now that the mines have been extended and 
pushed farther from the outcrop, the need of increased air is felt, and 
most of the mines are provided with vent.ilating furnaces. 
The State inspection of mines only commenced in 1883, and it is too 
oon yet to note any marked results, but it will no doubt be beneficial 
in stimulating improvement and checking the grosser errors of igno-
rance and parsimony. Cases are known where in past years headings 
have been driven entirely too far beyond air, and then, to encourage 
the miners to persevere still farther, so-called air courses have been 
started tbat, when completed, would be of no assistauce. The law as 
now framed is crude and one-sided, bearing principally on the mine 
owner and giving opportunity for abuse. 
Many of the mines are still working by natural ventilation alone, and 
whel'e they are so situated as to have openings both on the front and 
on the rear or side of the mountain very little trouble results, especially 
when the dip of the coal is considerable. 
No use is made of ventilating fans, and at many mines there would 
be difficulty in getting water for steam power where it would be needed, 
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thou(Yh the power might be transmitted by wire rope from the valley 
blow. 
ln two case the attempt has been made to ventilate by compressed 
air exclu ively. Both attempts failed and were soon abandoned. At 
011 mine, where coal-cutting machinery is now employed, the com-
pre sed air ha been used as an auxiliary to permit driving the head-
ino-.· a longer di tance, and with very good results. The air is kept 
fr h in the immediate vicinity of the working machines, but the vol-
ume is too small for practical use in the general ventilation of the mine. 
It i, sometimes tated that tbe use of compreRsed air ha$ a bad effect 
on the late roof of a coal mine, tending to produce falls, but experience 
does not seem. to justify the a~sertion . 
Gravity planes.-Most of the mines are connected by gravity planes or · 
inclines with their loading works at the railroad or river. Both 4-rail 
and 3-ntil plane are nsed, and in a few cases 8-rail planes with center 
tra ·k of narrow gauge for tlie safety truck or barney. 
Tl.le rail are laid either on string timbers or on ties, but the latter 
are apt to lip and cau e the rails to kink wbere the plane is steep, so 
that if they cannot be held in place by frequent drift bolts, where out-
cropping ledges are crossed, light tring pieces are sometimes used below 
the tie to teady them, and blocks are fitted between to brace them 
apart, the whole being bolted together; this, of course, is only effectual 
wb r there i · a secure anchorage at the foot of the plane. 
:t\fany of tbe plane are too teep for u ~ing a barney to ad,antage, 
but whcr it can b u ed there i a con iderable gain iu time, labor, and 
aft.·. 
Drit1111-i anr7 check wheels.-'rho ordinary drum is from 3 feet to 12 feet 
in diam 't r accordiug to th . izc of rope and length of plane. 'J.1be lag-
inu i u ually of , oft wood. The larger drums are bnilt with wooden 
~rm ·n~, aucl arm secure<l to cast flauges on an iron shaft. The 
mall r drum ar made with cast-iron , pider . 'Ibe brake band i 
oft n c cornpl~t ir- le, but n laro-e drum is genera11,r halved, and the 
end oppo. it tb lev .,r , ·ured a~ a a~ guard in ca e of breakage, wben 
half th and woul<l ,till act. The hrak i::; plac d either at the m1ddle 
n end of th drum; th former is preferred. 
rnm. ar g n ral ly pla · <l ,erheau. lrnt wh r a, barney is n.·e<1 they 
ar nnk l w tb l v l f th trackr-;. 
In rd r ba b th r p .- ma' lead from th am level, two drum: 
ar ,'om ime u. 1 · un ·t .,d uy cog gee ring, to work in oppo ite di-
r ti n:. l.l 1 u m 't wit!h farnr n U1 gr und of in ·r a. d cot 
an l lial ility t a ·ci n . 
r p ar r qnir d wh1diug and unwinding 
-v h u · f fri ·tion . heave. only a ingle 
·a ·t .·b aT" fill tw eu their flang with 
r p , whi ·h tak a uffici nt numb r f 
h · w rk in pair r volving horizontally, 
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and a.re controlled either by a single brake or by one on each sheave. 
There i conomy in the pace required and in the length of rope used, 
but thew ar of th rope is heavy from the number of bends, apart from 
the jz of th heav , which are usually limited in diameter to the dis-
tanc b twe n h track centers. In case the rope breaks, both cars 
ar lik l t b de troy <l, an l when there is any unequal wear of the 
end-w od l>lockH filli1w th heaves, their action is liable to become that 
of au ·ce11tri , l>rin"ing an exce 'Sive strai11 on tbe shafts and rope. 
J:)cales and creen8.--Tbe arrangement of scales and screens differs 
widely for th" differ nt cla ses of coal. On New river the coal is all 
paid for as run of mine, and i weighed before dumping. It is then 
eith r shipped without creening, or if there are coke ovens to be sup-
plied it is pa ed over screens of varying width of opening, according 
to the proportion of mall coal needed at the time for coking. 
At the plint and ga coal mines the miners are paid on the basis of 
lump coal, and the coal i not weighed till it has been screened. Gas 
coal i , <lumped over one-half-inch to five-eighths-inch screens, and the 
harder splint over screens of 1¼-inch to 2-inch. The coal passing through 
this coarse creen ii:) a_gain divided into nut and slack by a finer screen 
of one-half-inch to three-quarters-inch. 
Rolled iron screen bar of tapering section are generally used, but 
improved steel screen with thinner bars are being introduced at new 
works. No use is made of drum screens. 
Coal is estimated at the mines either by the long ton of 2,240 pounds, 
or by th weighed bushel of 80 pounds. Formerly the gauged bushel 
of 2,U88 cubic inche was used, but scales have now been introduced at 
nearly every mine, and prove much more satisfactory. 
Stock bins and loading arrangements.-Stock bins were formerly used 
in loading plint coal on the railroad, and they served to equalize the 
work when the upply of car~ was irregular, but the loss from breakage 
of coal and the extra exp~n e of handling were so great that they have 
all been abandoned. Now the coal falls from the screen directly into 
the railroad car, and is there weighed by means of track scales, or else 
is weighed in a section of the loading chute, known as the weigh basket, 
and suspended from a scale platform at the landing floor. The outer 
end of the weigh basket is often suspended from a counterweighted 
drum, resting on the scale platform and controlled by a brake. The 
object is to lessen the force of the coal as it comes from the screen, and 
then to discharge it easily from the weigh basket into the car. Where 
the tipple is high, the weigh basket may be suspended from two drums 
and lowered bodily, as described for river tipples. 
On~ ew river, where the fine coal is coked, breakage is no objection, 
and large stock bins are used to advantage. At some of the coke works 
long sheet-iron pipes have been introduced, through which the coal is 
dumped, striking a cast-iron block below for the express purpose of 
breaking it fine. This takes the place of a mechanical crusher. 
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The Kanawha river is subject to ueavy floods and very rapid cban.'.:,11 ~1, 
of le el. Loading of river barges is carried on from low-water to about 
a 15-foot tage, when work is usually suspended. The river is liable at 
any time to rise 25 feet, an<l in extreme floods 40 feet. 
Formerly the incline track was extended into the river and secured 
to a timber crib :filled with rock at extreme low-water level. A mova-
ble carriage or slide was used, forming a horizontal extension of the 
incline, and pro"\"ided with outriggers or timbers, projecting over the 
barges into which the coal was dumped. These slides were very heavy, 
and required frequent moving to adjust them to the varying stages of 
the riYer. They are now replaced by high tipples or dumping plat-
forms, built on solid cribs or on piles, and rising 40 to 75 feet above low 
water. The coal is usually screened at the river, and the slack and nut 
are led by chutes to their respective barges. The lump coal at the best 
tipples drops from the screen into the weigh basket, which is suspended 
at the center by wire ropes leading to a brake drum, and connected with 
couuterweights. · The brake drum, with the weigh basket; counter-
weights, guide arms, stop ropes, and all their connections, are carried 
ou a scale platform. After the coal is weighed the basket is lowered, 
and may be dumpe4, by means of stop ch~ins from either end; or, if 
provided with center hinges the stop chains may all be tightened alike, 
when the basket will open in the center and drop the coal. The object 
of tbi i to deposit the coal regularly and lightly, so as to avoid strain-
ing the barge, and to make the leveling of the coal easier. 
If the coal has been transferred from the mine wa,gons to larger cars, 
ancl already weighed before reaching the river, it is either handled by 
a. drop ba ket similar to the weigh basket, or else the loaded car, rest-
ing on a movable section of the track, is lowered into the barge and 
t h re dumped. 
When coal hipped in barges is to be sold on the market, it is care-
fnll lev led for gauging, a river sales are not made by weight, but by 
th m a ur d bushel of 2 688 cubic inches. 
Th work of improving the Kanawha river is now be.ing carried on 
h the general Government, and slack-water navigation has already 
he n · cur cl for 18 mile by one permanent and two movable dams. 
Th t, dam now under con truction will extend the system 15 miles. 
Tb riv r i very rapid in time of flood, and breakwaters are built to 
rot ct th tipple and barge again t, floating drift and ice. Heavy 
ic i ometime formed, and much damage has been done at times by 
rrr . I i hoped that the :fixed dam on the upper part of the Ka-
nawb will ah 11 in the future b~ holding back the ice for a time. 
king it a it p ov r. 
h rg u l :£ r riv r 1 adin g are of the Pitt burgh pat-
g n rall ma with lower i<le . They are 130 f et long 
iog 1 0 to 1,2 each, and having a capacity of 
1 wh n dr wing 5 feet. Skeleton barge, are al c 
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used of the same ize and similar in construction, except that their 
ide are of fi;amework covered with plank, in place of being built of 
olid timb r. , 
The principal river market for Kanawha coal is Cincinnati, but some 
i taken a far a Louisville, and a few of the large 20,000-busbel :flat-
boat , llav b en loaded for the New Orleans trade as an experiment. 
St rn-wh el tow-boat are used exclusively, and they can handle from 
t wo to tw Ive barge on the Kanawha, according to the stage of water, 
but incr a ,e the 1ze of their tows on the Ohio, taking twenty or more 
barges. 
Wa.r;hing and crushing machinery.-Coal-washing machinery has not 
been u eel in the di trict, and the only crusher is one at Hawk's Nest 
,Coke Works1 unle s the arrangement of rapid discharge through an iron 
pip can be called a crusher. 
Coke making.(a)-The New River slack coal is suited for direct coking, 
and the coke made at those mines has met with much favor in market. 
The pliut lack does not coke so well, and in nearly all cases is mixed 
with slate and bone coal or '' nigger head;" but as most of the splint 
mines are within the limits of river navigation, the slack finds a market 
as a cheap fuel for steamboats and for factories. The slack from the 
ga coal mines has not been coked with success, but after washing would 
no doubt make a very good coke. At present these mines are above the 
limit of river navigation, and the distance b;y rail to any large manufact-
uring district is so great that the market is limited and their slack is 
often a source of expense. 
Coke is successfully madte at Eagle and at Hawk's Nest from coals 
·belonging to the middle series, and experiments ·show that there are 
several seams which, locally at least, will make very good coke. . 
Beehiv~ ovens of the ordinary pattern are the only ones used except 
at Hawk's Nest, where a block of eighty Soldenhof ovens has been built. 
They are a modification of the Belgian oven, designed to quicken the 
coking process by the combustion of gas in the cellular walls and un-
derlying flues of the ovens. The coke is discharged by a steam ram at 
the conclusion of the process, and is quenched by the use of water on 
the yard instead of in the oven. 
The location of the Hawk's Nest ovens was a very expensive one, and 
the :firebrick used in their construction proved inferior. The many r~-
pairs required on starting the ovens were a great injury to the character 
of the coke in a process requiring regular work, and as these repairs 
have been continued up to the present, it is impossible to make a fair 
comparison between the two systems. 
The Soldenhof ovens give a coke with shorter fiber and generally less 
luster than the beehive ovens. They are more compact and require less 
labor, but their first cost is very heavy, and they require more repairs. 
They have not yet proved to possess any advantage over the beehive 
ovens. 
a See also pages 207-213. 
• 
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THE MANUFACTURE OF OOKE. 
BY JOSEPH D. WEEKS. 
In this report the word "coke" is used in a restricted sense, including 
only that coke made from bituminous coal in ovens, pits, ricks, or 
"on the ground," and which, for convenience, may be termed "oven 
coke." '' Gas coke," or that which is a residual product of the man~-
facture of gas, is not reported upon. The unit of quantity is the short 
ton of 2,000 pounds. 
Coal fields and coking coals of the United States.-The coal used in the 
ma.nufacture of coke in the United States in ·1884 came chiefly from 
four of the great coal basins or coal fields of the country, the Appala-
chian, the Illinois, the Missouri, and the El Moro (Colorado). By far 
the largest part was derived from the measures of the great Appala-
chian fields, only about 3 per cent. of the total coming from the Illi-
nois, Missouri, and Colorado basins. In addition to these sources of 
supply detached fields furnish a very small percentage. 
The Appalachian basin is the most important, though by no means 
the largest in area, of the coal fields of America. Beginning near the 
northern bouudary of Pennsylvania, it extends for a distance of over 
750 miles in a southwesterly direction, following the western line of 
the Alleghany mountains, with a course nearly parallel to the Atlantic 
coast line, through we tern Pennsylvania, West Virginia, Kentucky, 
Tennes ee, Georgia, and Alabama, to Tuscaloosa, Alabama, where it 
end . The average breadth of the field is from 80 to 90 miles, the area be-
ing ful1 .. 70,000 square miles. The eastern escarpment of the Alleghany 
mountain formed, and still forms, the eastern border of this basin; 
while the great Cincinnati anticlinal hems it in on the west and sepa-
rate, it from the mea ures of the Illinois basin. The eastern line of 
tb1 fi ld is co~paratively irregular, the basin being quite broad in its 
northern area, contracting through Tennessee and northern .Alabama, 
and :xpanding con · iderably at its termination in .Alabama, though it 
i there y no m an so broad a in Penn ylvania, Ohio, and West 
Virginia. 
In th north rn part of thi ba in the coal is found in isolated patches, 
th chi f of which are the Blo sburg, Mclntyre, and Barclay. Between 
the ea tern edg and the ocean other detached fields are found, such as 
th nthra ite coal ft ld of northeastern Pennsylvania, the Broad Top 
mi-bitumi ou oal field of middle Penn ylvania, and the Cumberland 
c al a · of ar land. The e patche are all bat have been left 
y th n ag ncie whi0h have swept away o much of the De-
iluri r ck and cot o deeply and harply, and at the 
<le troctively, into the mea ures in this belt of country. 
rly ,b: ntire length of thi field, from Blossburg, Penn-
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sylvania, on the north, to Birmingham, Alabama, on the south, the coke 
industry has been established. The ovens, following the zone of best 
coking coal, are generally found near the eastern limits of the :field, 
hugging the mouutains, the coal iu the middle or western part of the 
basin being, as a rule, not so well adapted to coking as that in the east-
ern. It is also true that the coal in the upper portion of this field, as 
in Connell ville and on the New river, produces better c~ke than that 
of the outhern in Tennessee and Alabama. 
The greatest development in the manufacture of coke is in the Con-
nellsville region of western Pennsylvania, a small trough 50 or 60 miles 
long by 3 miles wide. The Connellsville coke is regarded as the typical 
coke of this country, as the Durham is in England. Some other sections 
in this field may produce a coke equal in purity to the Connellsville, 
but as a blast-furnace fuel, which is the use to which most coke is put, 
it is so well adapted, its use is so extensive, and its characteristics so 
well known, that it fully deserves the designation "typical." Coke is 
made at other points in PennsylvaniaJ especially in the Alleghany 
Mountain, Alleghany Valley, Blossburg, and Broad Top regions, in the 
Ligonier valley, and near Pittsburgh. None of these cokes equal the 
Connellsville. In some cases they are lower in ash but inferior in physi-
cal structure, while in others washing is necessary to produce a fuel for 
blast-furnace use. 
In West Virginia the New River coal furnishes the most and also the 
best coke. Analysis shows it to be lower in ash than the Connellsville, 
and its producers assert that it is fully equal to it as a blast-furnace 
fuel; but this is by no means conceded. In the northern part of the 
State, in Tyler, Marion, Preston, and Harrison counties the coking in-
dustry is assuming some importance. Quite a number of ovens are al-
ready erected, and others building. The coke is a fair fuel. 
In Ohio most of the coals are coking coals, but the deposits are 
much thinner than in either Pennsylvania or West Virginia, and gen-
erally, though not always, contain an object.ionable amount of sulphur. 
The coals are coked only to a limited extent, and the manufacture of 
coke is not increasing as rapidly as in Pennsylvania, West Vir-ginia, 
and Alabama. 
In Tennessee the Sewanee seam furnishes most of the coke, while in 
Alabama coals from both the Warrior (chiefly from the Pratt seam) and 
the Cahaba fields were coked. The extreme eastern outcrop of the 
Appalachian basin cuts the northwestern corner of the State of Georgia, 
furnishing a small patch of coking coal, from which some coke was 
made in the years covered by this report. 
The Coal Measures of the Illinois basi». very nearly equal in area 
those of the Appalachian basin, covering about 47,188 square miles(a), 
a '' Statistical Atlas of the United States," page 12. Some authorities make this 
68,000. 
2MR--10 
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but they by no means equal the latter in the character of their coking 
coal. This basin occupies the larger part of the State of Illinois; the 
, outhwe tern part of Indiana, and the western part of Kentucky. Its 
ea tern limit is the rocks of the Cincinnati axis, which separate it from 
the .Appalachian basin; while its western margin is formed by the bed 
of the Mississippi river, which has been excavated through it and sep-
arates it from the Missouri basin. The beds of coal in the Illinois 
field are not as thick as in either the .Appalachian or the Missouri basin, 
though their number is about the same as in the former. " The coals 
themselves are more apt to be impure(a)," being high in sulphur and 
ash. '.l'his is not uniformly the case, however, a·s will be evident from 
an inspection of the analysis of the Big Muddy and Cartersville coals 
of southwestern Illinois. The coals of the northern part of this basin 
in Illinois are as a rule too sulphurous to make good coke, but in the 
southwestern part of the State there are several small deposits of quite 
pure coal, which, although dry burning, makes a very good coke when 
crushed, washed, and charged wet. The character of the coals of this 
basin and the difficulty of adapting them to the manufacture of coke 
are shown in the fact that but 8,600 tons of coke were made from them 
in the census year. 
In Indiana the coal of the " eastern zone" of Professor Cox's reports, 
or the Lower Measures, are non-coking, being the well known block 
coal of the State, which can be used raw in smelting iron. The "west-
ern zone," or Upper Measure , which are much more extensive than the 
Lower, contain deposits of good coking coal generally; however, so far 
a they have been tried for making coke, high in ash and sulphur. 
The coal of that portion of this field lying in Kentucky, like that part 
of the Appalachian field lying in the same State, has not been utilized 
a yet to any extent for the manufacture of coke. 
The Mi ouri ba in i the large t in area of all the coal fields of the 
nited State , containing, it is estimated, 84,343 square mHes. It ex-
t nd through Iowa, Missouri, Nebraska, Kansas, ..Arkansas, and Indian 
T rritory. The mea ures are thinner and contain fewer beds than the 
Appalachian. But little coke was made from the coals of this basin. 
one place in the Indian Territory and in the Cherokee region of 
an a ome little i made to utilize slack from the mines. 
ut little is known of the extent of the coking coal in what I have 
t rm , for want of a better name, the El Moro (Colorado) basin, which 
, b regarded a including the coal mines of New Mexico. From 
th c al mine f the Trinidad region, which are the highest above the 
· a 1 Y 1 '\ ork in the country, con iderable coke is made for smelting 
1rnrv . At Or ted Bu t it i made for the Utah smelters, and in 
th r p rtio f th i. c ke in mall amount , usually high in ash, 
i · I r duce for th local melting work . 
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Coke was also made in small amounts from the coals of Montana and 
W a hington, the latter being the only coke made on the Pacific coast .. 
Some coke ha been made in Utah, but none for the past two years. 
Statistics of coke in the United States.-ln the followin·g table are con-
olidated the tati tics of coking in the United States from 1880 to 
18 4. From thi table it appears that the number of establishments 
making coke in the United States increased from 186 in 1880 to 250 in 
18 4, an increa e of a little over 34 per cent. The number of ovens 
built increa d from 12,372 in 1880, to 19,557 in 1884, an increase of 58 
per cent. The amount of coal used to make coke increased from 
5,237,741 bort tons in 1880 to 7,951,974 tons in 1884, an increase of 
nearly 52 per cent. The coke produced increased from 3,338,300 short 
ton<, in 1880 to 4,873,805 tons in 1884, an increase of about 46 per cent. 
It will be noticed that the coal consumed and coke made in 1883 were 
both greater than in 1884. The total value of coke at the ovens in-
crea d from $6,631,267 to $7,242,878, an increase of about 9.2 per cent. 
The value of the coke produced in each of the years 1881, 1882, and 
1883, however, was greater than in 1884. The value of the coke at 
o-rnns decreased from $1.99 in 1880 to $1.49 in 1884, a decrease of about 
· 25 per cent. 
Statistics of the manufacture of coke in the United Slatel}, 1880 to 1 84, inclusive. 
1880. 1881. 1882. 1883. 1884. 
Number of establishments ... -_ - .. - .. - - . 186 197 215 231 250 
OvenR built .... . . ·-·- -·. ·--- -- ·----· ... . 12,372 14,119 16,356 18,304 19,557 
Ovens building ... _ . . ...... ·--·-·._ ... __ . 1,159 1,005 712 407 812 
Coal used, short tons . ..... ____ ... - ... _ .. 5,237, 741 6,546,662 7,577,648 8,516,670 7,951,974 
Coke produced, short tons . ___ -_. - ... __ . 3,338,300 4,113, 760 4,793,321 5,464, 721 4,873,805 
Total value coke at ovens ....... __ . . . __ . $6,631,267 $7,725,175 $8,462,167 $8,121,607 $7,242,878 
Value coke at ovens, per ton ...... --- __ . $1. 99 $1.88 $1. 77 $1.49 $1. 49 
Yield of coal in coke, per cent ___ •• . . __ . 63 63 63 64 61 
Production of coke in the census years 1850-1880.-Until the census of 
1880 no thorough and systematic attempt had been made to collect the 
statistics of the manufacture of coke in this country. It is therefore 
impossible to even estimate what was the production prior to 1880, 
except during the censuH years 1850, 1860, and 1870. Coal and coke 
are frequently reported together in a way most provoking to the col-
lector of statistics, coke being.regarded simply as a form of coal. While 
it is possible to ascertain the production of individual works and to 
estimate that of some sections, no satisfactory statement of the produc-
tion for the years before 1880, except as noted, can be obtained. In the 
following table is given a summary of the totals of the most important 
items covered by the census of 1880, compared with similar results ob-
tained at the censuses of 1870, 1860, and 1850. These figures prior to 
1880 must be regarded only as approximates. 
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Census statistics of coke. 
. ~ 1870. 
Number of establishments............................... 149 25 
Number of persons emafloyed .......... .. ... . . . . . . . ...... 3,142 528 
Amount of capital, re R.Dd personal . . . . . . . . . . . • . • . . . . . . $5, 545, 058 $1,201,043 
Wa.,. s paid.... .. ...... . ................................. 1,198,654 288,695 
Valiie of all materials used, including coal............... 2,995,441 615,268 



















This table indicates a most remarkable growth. It must be remem-
bered that coke is both bulky and low priced, and in proportion to its 
weight it is one of the lowest, if not the lowest, priced of any manu-
factured article. During the census year 1880 the average value of a 
railroad carload of coke, containing from 12 to 14 tons, was from $24 
to $28 at the ovens. But little of the coke is used where made, the 
nearest important point of consumption to the Connellsville region 
(which produced more than 68 per cent. of all the coke made) being 
Pitt burgh, about 60 miles distant, while hundreds of thousands of tons 
are carried to points much farther away. The growth of the industry 
in the e years, then, means a growth where the margins of profit must 
be small and the tonnage handled immense, and the difficulties in the 
way of its growth, as is always the case with low.priced, heavy articles 
that must be transported long distances to market, well.nigh insur-
mountable. To organize and operate effectively the railroad service in 
conn ction with this heavy increase of traffic bas been of itself no small 
un<.l rtaking. All things considered, the development of the manufact-
ur of coke must be regarded as one of the most marked achievements 
in our indu trial progress. 
Total number of coke works in the United States.-In the following table 
i giY nth total number of e tablishments manufacturing coke in the 
United State for each year from 1880 to 1884. Each separate coke 
work with it oven and other plant is classified as an establishment. 
In many in tance it wa found that an individual or firm operated 
s veral work , sometim s contiguous, in other cases widely separated, 
but, notwith tanding thi joint owner hip, each works is regarded as an 
e tabl" hment, and i so clas ified. It bas been difficult, however, in 
om ca e , to det rmine wh~ther works operated by the same owner 
on adjoining propertie hould be cla ified as one or more estab1i h· 
m nt . In uch ca e we have taken the judgment of the owner. The 
number f work , therefor , and the number of separate firm or own-
er ar n t the ame. 
ta li hment in the country for the years since 1850, 
are any return , wa a follow : 
:rumber. Years. 
4 1881, December 31 ................... . 
21 1882, D cemb r 31 ............. ...... . 
25 1 , D cem ber 31 .... ...... ......... . 
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In the following table is given the number of these establishments by 
State . It will be noticed that in 1884, of the 250 works in the United 
State , 145, or 58.6 per cent., were in Pennsylvania; 27, or 10.8 per cent·., 
in W t Virginia; 19, or 7.6 per cent., in Ohio; and 13, or 5.2 per cent., 
in Tenne ee. In each of the other States the number was less than 
10 . 
.Nurnber of establishments in the United States manufacturing coke in the years from 1880 
to 1884, by States and Territories. 
Sta.tee and Territories. 
Alabama .......•••••...•.•.•........•.••.........•••...•••.. 
Colorado ......••••...••.•..•....••••.........•.....••.•..•.. 
fi~~r;i~~ _-_-_-_-_-_- ::::: _-_-_-_- _- _- _- _-_-_- _- _- _- _-_-_-_- _- _- ." _-_-_- _- _-_-_-_-_- _- _- _- _- ::: : : _- _- _- ." 
Indiana. ..............•...•..••..••.•••.........•......•.•... 
Indiau Territory ..•.••..•...•.•....•...................•••.. 
Kansas ...........••••..•••••..•..•.•...•.........••....•••.. 
~~~t~~!~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
New 1\[exico .•...•.•...•••............••...•••..•••......... 
Ohio .............•.....••••..•...•••••••.....•....•••..•••.. 
Pennsylvania. . . •• . . . . • . . . • . • • . . . . . • •..••..•••••..••...••... 










































































Total. ..............•...................•.•......... .' .. -186 -197 -215 231 




















Total number of ovens built in the United States.-In the following 
table is given the total number of ovens built in the United States and 
al o the number in each State, December 31, for each_ of the years from 
1880 to 1884. In addition to that made in ovens, some coke was made 
in pits, but as the number of pits varies greatly, depending upon the 
demand, no attempt has been made to state their total number. 
In the years covered by the report the number of ovens has increased 
from 12,372 in 1880 to 19,557 in· 1884, or 58 per cent. The States having 
more than a thousand ovens each in 1884 are Pennsylvania, with 14,285, 
or 73 per cent.; Tenne,'see, with 1,105, or 5.7 per cent.; and West Vir· · 
ginia, with 1,005, or 5.1 per cent. Alabama had 976 ovens, or 5 per cent. 
The greatest increase in the time covered by the tables is in Alabama, 
there being in that State in 1880 316 ovens and in 1884 976 ovens, an 
increase of 209 per cent. The increase in Pennsylvania has been from 
9,501 to 14,285, or 50 per cent.; in Tenne.jsee, from 656 to 1,105, or 68 
per cent.; in West Virginia, from 631 to 1,005, or 59 per cent. The 
number of ovens in Colorado and Georgia has increased a little over 100 
per cent.; in Illinois a little less tha.n 100 per cent.; while Virginia, which 
had no ovens in 1880, now has 200. Montana and New Mexico, which 
also had no ovens in 1880, now have ovens. Kansas, which had 6 ovens 
in 18 O, now ha~ 23. In but one State ha·s there been a decrease in the 
number of ovens, Indiana, but no coke was made in this State in the 
years covered by the report. 
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Number of coke o-~ens in the United States on December 31, of each of the yearJ from 1880 
to 1884, by States and Territories. 
States and Territories. 1880. 1881. 18n 1883. 1884. 
------------------i----1---1-- - ----
.Alabama ...................•.•..........•.......•..... •...... 
Colorado ......... ....................................•.•.• . 
g~~~~~·.:: :: ·.::::: ·. :·.·.·.·.:::: ·. ·.·. ·.::: :: : : : : : ::: : : : ::: ::: ::: : : : 
Indiana . .......... ............................. .. . . ...... .. . 
ir~!:s~~~~~~? :::::::: :: : : : : : : : : :::: :: : :: : : :: : : : : : : : :: : : :: 
~~~:~!~::: :::::::: :: : : : :: : ::: : : : ::: :: : : : : :: : : :: :: : : : : :: : : : 
New Mexico ............................................... . 
Ohio ... ............................................... ..... . 
¥:~~:!!::~~~.:: ::: : : : ::: : : : : : :: :::::: ::::: ::::::: ::: : : : : : : : 






















































































Total .. . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . • . .. .. . . . . . . . . . 12, 372 14, 119 16, 356 18, 304 19, 557 
Number of ovens building in the United States.-In the following table 
is given the number of ovens that were actually in course of construc-
tion at the close of each of the years from 1880 to 1884. There is no at,-
tem pt in this to show the increase in th~ number of ovens each year. 
It is simply an indication as to the progress of building at the close of 
each year. 
Number of coke ovens building in the United States at the close of each of the years froni 
ltl80 to 1884, by States and Territories. 
States and Territoriee. 1880. 1881. 1882. 1883. 1884. 
-------------------1-----------
Ala.ham~ ...•..................•...............•••• . ••••..... 
Colo1ado ...................•.....•••.•........•.....•....... 
~~~·:::::::::::::::::::::::::::::::::::::::::::::::::::: 
Indiana .. . . .............................•••.•.............. 
~<;~ ~~1::.t~~ :::: :: : :: : : : : :: : :: :: :::::: :: :::: :::::: :: : : : : 
~::i;::~~:::::::: :: : ::::::: ::: :: :::: ~::::: :::: :: ::: : :::: :: 

























































































Amownt of coal coked.-In the following table is given the total num· 
ber f ton of coal made into coke in the United States for the several 
Y r cov r y tbi report. In tbi is included all the coal coked, 
wh t r barged into he oven as "run of the mine" or '' slack." A 
larg r portion of the oal oked is '' run of the mine." the coal being 
nly min fi r the purpo e of being made into coke. 'Dhis is especially 
trne f th nnell ville and lleghany Mountain districts in Penn yl· 
ani , the i er di trict in We t Virginia, and the Warrior dis· 
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trict in Alabama a well as several others. On the other hand, a large ' . amount of the coking, as will appear from the statement made m con-
n ction with the industry in the different districts, is for the purpose of 
utilizing the lack coal produced in mining. This is true of the Pitts-
burgh di trict in Pennsylvania, as well as of many of the localities pro-
ducing but a mall amount of coke. It was not found practicable how-
ev r, a ugge t d above, to separate between the coal which was used 
a ,~ run of the mine" and that which was used as "slack." 
Th r wa a teady and marked increase in the amount of coal used 
for th pr duction of coke from 1850 to 1883, when it reached the max-
unum of ,516,670 tons; in 1884 there was a decline from this to 
7,951, 74 t n . 
Amount of coal used in the rnanuf acture of coke in the United States fror,i 1880 to 1884, by 
States and Territories. 
State and Territories. 1880. 1881. 1882. 1883. 1884. 
Short tona. Short tons. Short tons. Short tons. Short tons. 
Alabama ... _ -- . __ .. ___________ _________ . 106,283 184,881 261,839 359,699 4-13, 184 
fil~it: :: : : : : ::: ::: ::: : :: : : : : : : : : : : : : : 51,891 97,508 180, 549 224,089 181,968 63,402 68,960 77, 6i0 . 111, 687 132, 113 31,240 35,240 25,270 31,370 30, 16S 
Iudiami. ·- ··- ·---·-······-· ····-- ·- ---- 0 0 0 0 0 
India.a Ten-itory ·-- --· ______ ·--- ·- ·----- 2,494 2,852 8,266 4,150 3,084 
Kansas. - ... --· ______ ·--- -· _________ .. --· 4,800 8,800 9,200 13,400 11,500 
Kentocky . --·- __ . _____ ______ ·----- _____ _ 7,206 7,406 6, 906 8,437 3,451. 
Montaun. ·- - __ ------ ------ ____ ___ --·---. 0 0 0 0 165 
:Xew M •xico ·--·-- --·--·----- - -- · · -·- --· 0 0 1,500 6,941 29,990 
Ohio .. ---- ______ -----·--·-----···· ....... 172,453 201, 145 181, 577 152,502 108,164 
Pennsylvania ·· ·- · ·--·-···---- --- - - - --·· 4,347,558 5, 393,503 6,149, 179 6,823,275 6,204, 604 
Tennessee ... --,·----- - --------- - --· ····- 217,656 241,644 313,537 330,961 348,295 
ii~~ii~~:::::::::::::::::: ::::::::::: 2,000 0 500 0 0 0 0 0 39,000 99,000 0 0 0 0 700 
West Virginia ____ ........ ·----·. __ .. __ _ ~&O, 758 304,823 366,653 411,159 385,588 
Wyoming--·-····-·-----·---··--··- ---- · 0 0 0 0 0 
Total-- ---- ·---·· ··-- -··-·- __ ..... . 5,237,741 6,546, 662 7,577, 646 8,516,670 7, 951, 9i4 
A.mount of coke mtide.-The maximum production of coke in the United 
States wa reached in 1883, 5,464,721 short tons being made in this 
year. This was an increase over 1880, when 3,338,300 tons were made, 
of 2,126,421 tons, or an increase on the make of 1880 of 63-H per cent. 
In 1884 the production declined, chiefly owing to the reduced demand 
for coke for blast furnaces, to 4,873,805 tons. 
As has been the case ever since coking became an industry in this 
country, Pennsylvania is the chief producer of coke, its production be-
ing 3,822,128 tons in 1884, or 78.4 per cent. of the total. The second 
State in production is Alabama, its production being 244,009 tons, or 5 
per cent. of the whole. The third State is West Virginia, producing 
233,472 tons, or 4.6 per cent. of the whole. The fourth State is Tennes-
see, producing 219,723 tons, or 4.5 per cent. of the whole. The fifth 
State is Colorado, producing 115,719 tons, or 2.4 per cent. of the whole. 
Georgia ranked sixth, Virginia seventh, and Ohio eighth. The follow-
ing table will show the relative rank of the States, measured by pro-
duction, in the census year and in 1884.: 
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Rank of the States and Territories in production of coke in 1880 and 1884. 
States and Territ.oriea. 
t~~:!1:ania ................ _-·· ...... ::: _-: :: :::::: ::: ::: : :: : : : : : : : :: : : : : : : :: : : : _-::::::::: 
West Virginia ...•.....•.....•..••.....•.••...•••••••••••• - - . - .•. - ..• -•• - ..•.••.. --- - ..... 
Tenne..<>See ..•••••.•••••.•••••.•••••.•••••.••••••••••••• ••••••••••••••••• •••••..•••••.••••. 
Colorado ..•.........••••.•...•..••••••..•...•..••.•••..••..••..••.•••.•••••.•••••......... 
¥~=·::·.·. ·.: :: ::::: ::: :::: :: :::::: ::::::::::::: :::::: :::::::::::: :: : :: ·. :: : :: : :: : : : :::::: 
Ohio .... . ...........••...•.•••••••••.•••...••••••••••••••••••••••...•.•..•••.............. 
New Mexico ....................•................................................... ······ 
Illinois . ........... ............••••••••••••.... ···•••···•·····••••··••• .. ·••••············· 
Kansas ... .. .................................. . ··•···•··••··••··•···••···················· 


































The changes in this will be noted. Ohio drops from the second place 
tot.he eighth, and Alabama, which ·occupied the sixth place, takes the 
econd. Pennsylvania, West Virginia, and Tennessee occupy the same 
relative places. Indiana, which produced coke in the census year, drops 
out of the list, while Virginia, New Mexico, Kansas, Kentucky, Wash-
ington, and Montana, which produced no coke in the census year, ap· 
pear as producers in 1884 . 
..dmount of coke produced in the United States 1880 to 1884, by States and Territories. 
States and Territories. 1880. 1881. 1882. 1883. ]884. 
Short tons. Short tons. Short tons. Short tons. Short tons. 
Alabama . . ........... . .................. 60,781 109 033 152,940 217,531 244,009 
Colorado ....................... . ... . .... 25,568 48,587 102,105 133,997 115,719 
fiii~J11a. : : : : : : : : .":: : : : : : : : : : : : : : : : : : : : : : : 88,041 41,376 46,602 6i , 01.l 79, ~68 12,700 14,800 11,400 13,400 13,095 
Indiana . ... .. .....•.......•............ . 0 0 0 0 0 
ir1a~a: ~~~~~.::::::::::::: :: : : : : : : : : : 1,546 1,768 2,025 2,573 1,912 8, 070 5,670 6,080 8,400 7,190 
~~~\~~~ :: : : : : :::: ::: : :: :::::::::: ::: :: 4,250 4,370 4,070 5,025 2,228 0 0 0 0 75 
·ew Mexico . .. . ..• . ..•.•••••••••••..••. 0 0 1,000 3,905 ]8, 200 
Ohio ..... .......... . ..•................. 100,596 119,469 103,722 87,884 62,709 
¥e~ ?!~!~~::: ::: : : : : ::: :: : ." :: : .":: :: : : : 2,821,384 3,437,708 3,945,034 4,438,464 3,822,128 180,609 143,853 187,695 203,691 219, 723 
tah . .. . . ..... .. .. . .... . ...........•.... 1,000 0 250 0 0 
~:~tt~::: :: :: : : : : : : ::: : : : : : : : : : : : 0 0 0 25,340 63,600 0 0 0 0 400 188, 755 187,126 230,398 257,519 228,472 
Total. .. ........................... 3,888,300 4,113,760 4,793,321 5,464,721 4, &73, 805 
MANUFACTURE OF COKE. 153 
i e timated at what other coke of the same grade would cost delivered 
at the furnace; in other cases the value is estimated at the actual cost 
of the coke at the furnace, plus a small percentage for profit on the 
coking operation , while in other cases the value is esti:nated at the 
actual co t of the coke. The following table gives the total value of 
th cok of the United States, and also the total value by States: 
1.'otal value at the ovens of the coke rnade in the United States in the years from 1880 to 
1884, by States and Territories. 
States and Territories. 1880. 1881. 1882. 1883. 1884. 
' 
Alabama ....•...•.•...•••......••....... $183,063 $!20, 819 $425,940 $598,473 $609,185 
olorado .••.•••.•••...••......•.....•.. . 145,226 67,156 476,605 584,578 409,930 
gli~Jrs". :::::::::::::::: ::::::::::: :: : : : : 81,789 88,753 100, 194 147,166 169,192 41,950 45,850 29,050 28, 20J 25,639 
Indiana .........••..••..•.. . ............ 0 0 0 0 0 
ir~~::/~1:1:i~~:::::::::::::::::::::::: 4,638 5,304 6,075 7,719 5,736 6,000 10,200 11,460 16,560 14,580 
~~~i:~!~ ·.: ::::::: ::: : : ::: : :·.:::: ::::::: 12,250 12,630 11,530 14, 4~5 8,760 0 0 0 0 900 
N w Mexico . .......................... . 0 0 6,000 21,478 91,410 
Ohio .................................... 255,905 297,728 266,113 225,660 156,294 
Pennsylvania. .•.••.••••...•.....•...•... 5,255,042 5,898,579 6,133,698 5,410,387 4,783,230 
Tennessee ......••..••..••...•.•••..••. 316,607 342,585 472,505 459,126 428,870 
Utah . ........ . .. . ......•.........••••••. 10,000 0 2,500 0 0 
Virginia . ................................ 0 0 0 44,345 111,300 
;::~~r;<>~·ia·:::::::::::::::::::::::::: 0 0 0 0 1,900 318,797 4-29, 571 520,437 . 563,490 425,952 
Total ................... . ......... 6,631,267 7,725,175 8,462,167 8,121,607 7,242,878 
In the table of average values given below it will be noted that 
there is a constant decline in average value from 1880 to 1883, while 
the average value in 1884 was the same as in 1883. This arises from 
the fact that early in 1884 a pool was formed by the majority of the 
coke manufacturers in the Connellsville region for the purpose of ad-
vancing the price of coke, which had declined to 90 cents a ton for fur-
nace coke and $1.10 for foundry coke. These were the prices from Jan-
uary 1, 1884, to April 1 of the same year. At the latter date the pool 
went into operation, when the prices were advanced to $1.10 for fur-
nace coke and $1.25 for foundry coke. The highest average price of 
coke in any State in 1884 was $12 in Montana; the lowest, $1.19 in 
West Virginia, and the next lowest, $1.25 in Pennsylvania . 
.d.verage value per short ton at the ovens of the coke made in the United States in the years 
from 1880 to 1884, bJJ States and Territories. 
States and Territories. 1880.11881. 1882. 1883. 1884. 
Alabama ........................................ .-. . . . . . . . . . . $3. 01 $3. 00 $2. 79 ~2. 75 $2. 50 
Colorado . • • • • • . . . • • • . • . • . . • • • • . • • • . . . • . • • . . . . • • • . • . . . . . • . . • . 5. 68 5. 29 4. 67 4.. 36 3. 45 
iri«:Esa.::::::::::::::::::::::::::::::::::::::::::::::::::::: ng t ig U~ ~: i~ i: ii 
Indiana ......................................... ........ .......... o ... ... 0 ...... o ...... 0 ....... o 
Indian Territory . . • • • • . . • • . • . •• • • • . •• • • • • • • • • . . •• . • . . . . . . . • . 3. 00 3. 00 3. 00 3. 00 3. 00 
!i~?.;\///+i\\/l{{\/H\ :: !j :{j --}~ --rn U 
Pennsylvania................................................ 1. 86 1. 70 1. 55 1. 22 1. 25 
~ftiii)):;;::;;;;::;;;;::;;;;::;::;;;:/:::):;;;;: }j )] }j :::::i iii 
WestVuginia............................................... :::: J ::: 2.26 _ _:1-.41991-11 .. ~99 
Total average • . • • • • • . • • • • • • • • • • • . • • • • • . • • • • • • • • • • • . • . . 1. 77 .., 
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Yield of coal in coke.-The table given below shows the average yield 
in coke of the coal coked in the several States and in the U nj ted States 
for the years from 1880 to 1884. The years 1880, 1881, and 1882 show 
a practically uniform yield of about 63 per cent . . The yield for 1883 is 
given at 64 per cent. for the whole United States, while the yield for 
1884 drops to 61 ·per cent. As was stated to be the case in connection 
with the figures for total value and average value, many of the percent-
ages of this table are estimates. A great deal of the coal coked, as has 
already been stated, is slack, which in many cases is charged into the 
ovens without weighing. In such cases only a rough estimate of the 
amount so charged could be given. It will be noted in connection with 
the figures from Pennsylvania that they drop suddenly from 65 per cent. 
in 1883 to 62 per cent in 1884. This i8 manifestly an error, and though 
the 62 per cent. is the result shown by the reports made, th~re is no 
doubt that the figures should be increased at least to 64 per cent. It 
is probable also that the figures of yield in West Virginia should be in-
creased all the way through. It, however, can be said in regard to 
these, as it is of the Pennsylvania figures, that they are the results ob-
tained from the reports forwarded and include the yield in the whole 
States, not in the best districts alone. 
Percentage yield of coal in the manufacture of coke in the United States in the years 1880 
to 1884, by States and Territories. 
Stat.es and Territories. 1880. 1881. 1882. 1883. 1884. 
Per cent. Per cent. Per cent. Per cent. Per cmt . 
.Alabama......... . . . • . . • • . • . ••• • • . . . . . . . • . . . . • . . • . . 57 59 58 60 60 
Colorado . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . 49 50 57 60 64 
i~':to~·.:::·::.:: :::::::::::::::::::: ::::::::::: :: : :~ :g :g : :i 
Indiana . . . . . . . . . . . . . • . . . . • • • • . • • . • • . . • • . . • . . • . . . • . 0 0 o 0 0 
1r~:~?~~~~-:::::::::::::::::::::::::::: :::::: :: :.4 ~; :~. 9 :~¼ 
~:~::~~: :·:. :: :::::: ::: ·.::: :::::: ::·.:·.: :::: :: : :: : ~ 6i 5~ 6i :~ 
New Mexico...................................... o o 66! 57¼ 57l 
Ohio . . . . . . . . . • . . . . . . . • . . . . . • • . . • • . . • . . . . . . . . • . . . • . 58 59 57 58 58 
Peunsylvania ....•• , • • • • • . . • . . . . • . . . • • • • . . • . . . • . . . 65 64 64. 65 62 
Tenne ee . . . . . . . . . . . • • . . . . . • . • • . . • • . . . • • . • . • . • . . . . 60 60 60 62 63 
!1!~~::;L::;:;;;;::::;:~~~~:~::::::;\:: J J l f !It 
------1----1-----1---
Total average . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . 63 63 63 64 61 
ALABAMA. 
The growth of the coke industry in Alabama since the close of the cen- -
su year, May 31, 1880, has been mo t marked. At that time there were 
but two hundred and sixteen coke ovens built in the State. At the clo e 
of 18 4 there were nine hundred and eventy-six, and some coke was 
made on the ground. There are also at least four coke work building 
at h pr nt time. The production of coke for the tw Ive month of 
h een n y ar wa 42,035 ton . In the twelve months of 1884 the total 
output wa 244 7 ton , n increa e of 4 0 ver cent. in the four y ars 
• 
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and a half. The cause of this rapid growth has been the devtfopment 
of the blast furnace industry in the vicinity of Birmingham, and the 
change from charcoal as a furnace fuel to coke. 
There are in Alabama, in which State the great Appalachian basin 
reaches it extreme outhern development, three important coal fields 
or ba in , named from the streams which drain them, the Coosa, con-
taining 100 quare miles; the Cahaba, with some 230 square miles, and 
th -rarrior, with some 4,700 square miles. Recent investigations indi-
cat that there are ix fields, but three of these are of little value eco-
nomically. At pre ent coking operations are confined chiefly to the 
Warrior field. There are 100 ovens at Helena in the Cahaba field, but 
no coke has been made in them for two years until since the 1st of Jan-
uary, 1885. The coke was too high in ash and in other respect,s an in-
ferior fuel for iron making, and has been superseded by the coke made 
from the Pratt seam. It is, however, used in heating the retorts at the 
New Orleans gas works, where water gas is made. At another works 
in this district some coke for domestic use was made on the ground, and 
more ovens are building at Helena. It is also reported that two hun-
dred ovens are to be built the present year in the Broken Arrow region, 
Coosa field, but at present but little coke is made from either the 
Cahaba or Coosa coals. 
Five veins are worked in the Warrior field, and of these four have 
been tested and found to yield coking coal. Of these four seams what 
is known as the Pratt seam, or, as it is sometimes called, the Brown 
or Ooketon, is economically the most important of the Alabama coals. 
It shows a thickness of from 4 feet 6 inches to 6 feet, and has only 
one shale parting9 with about 4 feet of coal in the upper bench. From 
1 
this seam most of the coke made in Alabama is produced, chiefly from 
the coal of the Pratt mines in Jefferson county. The Pratt Coal and 
Iron Oompany cokes a large amount of coal in its own ovens at the 
Pratt mines, and sells still larger quantities to other oven proprietors 
to be coked. The Mary Pratt and Eureka furnaces obtain their sup-
plies of coke from the Pratt company. The• Sloss and Alice furnaces 
buy coal and coke it. The Woodward Iron Company at Wheeling mine 
the coal for their ovens from their own mines near their furnaces, while 
the Milner Coal and Railroad Company at New Castle have six ovens in 
which they coke the slack from their mines. At both Wheeling and 
New Castle the seam mined is said to be the Pratt. The coke from this 
seam, taken from different points, gives from 85.8.0 per cent. to 93.01 per 
cent. fixed carbon; 6.83 to 15.06 per cent. of ash, and 0.575 per cent. to 
1.08 per cent. surphur. 
As described by Professor Killebrew, the coal at the Pratt mines is 
hard and semilustrous, laminated, and breaks into long, broad masses 
across the plane of lamination. The seam at Pratt is 4½ feet thick. 
In addition to the five works mentioned above that are making coke 
in the Warrior field, two others have commenced the erection of ovens 
156 MINERAL RESOURCES. 
ince January 1. This will make the number of works built and build· 
ing in Alabama, April 1, 1885, by districts, as follows: 
"\Vnnior field ............ ............•.....••.•...... ············•················· ·· ·····•········ 
Cnhnbn field....................................................................................... 3 
Coosa field ...•.•.............•............................•••••.•. · •..• -.•. -•••.....••• -.....•. .. 
The following are analyses of Alabama coals and cokes : 
.Analyses of the coals and cokes of the Warrior field, .Alabama. 
COAL. 
1 
__ P_r_a.t_t_s_ea_m_._-1 __ M_ilD_e_r,...s_e_am_. _
1 
W=!~rd 
No.1. No. 2. No.1. No. 2. 
----------------,-------- ---- ----1-----
PeT cent. Per cent. Per cent. Per cent. Per cent. 
Fixe<l carbon ....................•..••..•.....•.. 61. 600 64. 300 59. 69 55.18 63.458 
Volatile matter ................................ . 31. 480 32. 080 28. 24 36.17 a31. 224 
Ash ........••• ...••••..••.. . ....• •.. .... ..••• .. 5.416 2. 080 10.92 7.83 5. 318 
:M~fs~~:::: :::::: :::::::::: :: :::::::: ::: : : : : : : : . 918 . 470 1. 508 1. 070 . 64 1. 38 .. ............ .50 1.12 ................ 
100. 922 100. 000 99. 69 101. 68 100. 000 





Pe.r cent. Per cent. 
Fixed carbon..................................................................... 93. 01 83. 27 
Volatile matter. . . . . . . . . . . • • . • . . . . . . • . . . • . . . . . . . • • . • • • • • • • • • • • . . • . . . • . . . . . . . . . . . . . . 16 . 93 
Ah.............................................................................. 6.83 15.06 
Sulphur.......................................................................... .......... . 74 
iOO. 00 100. 00 
Analyses of the coals and ookes of the Cahaba field, Helena, Alabama. 
Fixed carbon...... . . . . . . . . . . • . . . • . • • • • . . . . • • . . • . . . . • . • . . . . • • . . . . . . . . . . . . . . . ..... 
Volatile matter .................•••••..•......•. ...... .. .•••••...... ... ........... 
.Ash ......... . .............••.•..••...••.......... ..••... .................. .. ..... 
y~fi: . :::: ::::::::::::::: :: ::: :::!::::::::: :: :::::::::::::::::::::::: :::::::::: 
Coal. Coke.(al 
Per cent. Per cent. 
58. 09 84. 035 
35. 48 o. 066 
3. 82 15. 216 
. 90 . 445 
1. 74 . 683 
100. 63 100. 445 
a This coke must have been made from screenings or from coal carelessly mined. 
The following are the tati tics of the manufacture of coke in A]a. 
bama from 1 0 to 1 4: 
tatistics of the manufactw·e of coke in .Alabama, 1 80 to 1884. 
a One e bllahment made coke on the ground. 
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Of the nine hundred and seventy-six ovens reported as built in 1884, 
all but eighty are b ehive. These eighty are what are known as drag 
oven , long oven shaped like a muffle. 
ARIZ ON A. 
No coke bas as yet been made in Arizona except a few hundred 
pound to te t the character of the coal. It is stated that veins of 
coking coal ha e b en found in several localities in the Territory, but 
littl reliable information can be obtained regarding them. Near Deer 
creek in Gila county, on the Indian reservation, veins of coking coal 
from 3 to 8 feet thick are reported· to exist. These have been explored 
but little and have produced but little coal, and that only for .domestic 
purposes. 
COLORADO. 
The only locality in the United States outside of the .Appalachian 
basin in which coking has attained any importance as ~n industry is in 
Colorado. The production of coke in this State is exceeded only by 
that of Penn ylvania, West Virginia, .Alabama, and Tennessee, that is, 
it ranked fifth in production in 1884, but only the seventh in 1880. 
The demand that has led to the development of the coke industry along 
the line of the .Alleghanies has been chiefly in connection with the iron 
industries. To a large extent it has been iron and steel that have de-
veloped coking in Colorado, but in addition to this the demand for coke 
for smelting the ores of the precious metals and the high cost of this 
fuel when brought from the East have made the industry a profitable one, 
and have been largely instrumental in its development and extension. 
El Moro or Trinidad district.-The oldest and most extensive coke 
works in the State is that of the Colorado Coal and Iron Company at 
El ·Moro in Las Animas county. Coking was begun here in 1879. 
There are now two hundred and fifty ovens built. Since 1879 the con-
sumption of coal and production of coke has been as follows : 
Production of coke in the El Moro diBtrict. 
Years. 
Short tons. Short tons. 
1879. • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 10, 786 
1880...... . . • . . . . . . . . . . 51, 891 25, 568 
1882................... 148, 574 84, 065 
1881. ... ____ . __ . __ ... _ _ 95,040 I 47,166 
1883...... . . . . . . . . . . . . 164, 181 109, 016 
1884. .. . . . . . . . . . . . . . . . . 127,796 81,799 
These ovens are 6 miles south of El Moro, near the boundary line of 
New Mexico, in what is called the Trinidad or El Moro coal field. The 
coal bed varies in thickness from 6 to 10 feet, sh~wing m one instance, 
only, a local pinch to 3½ feet. Where the roof is bad 12 to 18 inches, 
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and in some cases 2 feet, are left to keep it secure. About 7¼ feet are 
a--r-ailable for mining. The bed is nearly horizontal, but has several 
earn of bony coal. The Lechner coal-cutting machine is used in the 
mine. 
The coke made at El Moro is bard, light, and porous, but it is more 
friable than Connellsville coke; it makes more fine coke. It stands 
the burden in the iron furnace fairly well. Its amoun~ of ash is prob-
ably from 18 to 20 per cent. The steel works report 18 per cent., ,the 
lead smelters from 20 to 22 per cent. of ash. The 18 per cent. is com-
posed of 68.99 per cent. silica, 28 per cent. alumina, and 2.5 per cent. 
iron. . 
Formerly the coal at El Moro was washed by Stutz's system. This 
plan has been abandoned and the machinery bas been made use of, 
wherever it could be done, for other purposes. The experience at El 
l\foro was that too much coal was lost in washing to permit of its 
economical use. The yield, when washing the coal, was 53 per cent. 
again ta pre ~nt yield of, say, 60 to 65 per cent. Since the coke from 
washed coal commanded no extra price, and since the cost of crushing 
and washing the coal waR from 12 to 15 cents a ton extra, washing the 
coal has been abandoned . 
.Analyses of the El Moro coals and cokes are as follows : 
Analysis of El Moro, Colorado, coals and cokes. 
Coal. Coke • 
• 
No. 1. No. 2. No. 3. No.1. No.2. 
------------
Per cent. Per cent. Per cent. Per cent. Per cent. 
Fixed oal'bon ..•..•.. 65. 76 60. 08 54.75 fd7. 47 75. 30 
Volatile matter ..•... 29.66 34. 48 . 35. 79 5. 20 
Ash .................. 4. 32 3. 78 8.12 10. 68 19. 50 
Water •.•...••....... ,26 1. 66 1.M al. 85 30 
---------------
100. oo I 100. 00 100. 00 100. 00 100. 30 
a Including volatile matter. 
At Starkville, in the ame county, the Trinidad Coal and Coking 
ompany began building oven in 1881, and now has eighty-six ovens in 
operation. The coal at this place is from the same vein as at El Moro. 
t thi point the workable coal is from 4 to 6 feet thick. 
Orested B1.1,tte district.-The Colorado Coal and Iron Company also 
op rate oven at re ted Butte, in Gunnison county, 28 miles from 
unni on Cit . There are four distinct seams, the upper being 3½ and 
the lo t fi et thick, both carrying dome tic and steam coals, and 
th two mi dl earn 5 and 5¼feet thick, coking coals. The workings 
n n:fined principally to the upper coking seam, which 
ly and ha h w ome remarkable fluctuations in thick-
lie t an angle of about 8°, The Crested Butte coke 
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is not quite as dense as El Moro coke, and more friable. This makes 
the lo sin transportation and handling greater, but the less dense coke 
is preferred by the lead smelters. The ash is less silicious than El 
Moro ash. The ash, as by the experience of the Harrison Reduction 
Work in the Ore ted Butte coke varies from 10 to 14 per cent. It is com-' . . po eel of ilica, 50.84 per cent.; iron, 20.16 per cent.; alumma, 13.80 per 
cent. Utah smelters are stated to express a preference for Crested 
Butte coke against Connellsville coke. The following are analyses of 
the Crested Butte coal and coke: 
.Analyses of Crested Butte coal and coke. 
Coal. Coke. 
No. 1. No. 2. No. 1. No. 2. No. 3. No. 4. 
------
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
Fixed carbon ..•••.• -- • . . . • • • . • • • . • . • . • . 72. 60 72. 30 92. 03 90. 71 92.44 87.11 
Volatile matter......................... 23. 20 24. 17 1. 35 .42 0.41 0. 56 
Ash . . . • . . . . • • . • . • • • • • . . . . . • . . . • • . . • • • • . 3. 10 3. 09 6. 62 8. 87 7.15 12.30 
Water . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 1. 10 . 44 ............. ---------- ............. .. ----------
Sulphur .......•....•...•.....•............................ . . 58 . 37 .42 
----1---------1----1---
100. 00 100. 00 100. 00 100. 58 100. 37 100. 39 
From these three coke works already described, which have 386 ovens 
of the 409 in the State, practically all of the coke of Colorado is made. 
Much of the coke made in El Moro is consumed in the iron and steel 
works of the company making it, when they are in operation. What is 
not used in this way is sold to the lead smelters. All of the Trini-
dad and Crested Butte coke is consumed by smelters, the latter chiefly 
in Utah. 
Other districts.-At Durango, in La Plata county, coking has been 
carried on since 1882, but in heaps or mounds until August 1, 1884, at 
which time eight ovens had been built. The coke is used in the lead-smelt-
ing works of the San Juan and New York Mining and Smelting Com-
pany, by whom it is made. The coal fields in the locality are reported 
to be quite extensive, and the coal similar to the El Moro. It yields 
about 50 per cent. in coke. . 
In Dolores county there are three coke works, with ten ovens, produc-
ing coke for the local smelters. The veins of coal are quite thin, the 
thickest being but 32 to 36 inches and the average 20 inches. Most of 
the coal mined is coked, but the production is quite small. The coke 
is high in ash, carrying from 18 to 25 per cent. 
Some attempts have been made to coke the coal found at Como, Park 
county, but with little success, and the effort has been abandoned. 
At Aspen, Pitkin county, the Jerome Park Coal Company has built 
five ovens during the past year. Nothing was learned concerning this 
enterprise but this fact. 
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The statistics of the manufacture of coke in this State for the years 
from 1880 to 1884 are as follows: 
Statistics of the rnarnif acture of coke in Colorado, 1880 to 1884. 
1~. ,I 1881. 1882. 1883. I 1884. 
Number of establishments ... .....•.••............ 2 5 7 1- 8 
Ovens built ........ ............................................. 200 <:!67 344 352 409 
g;:in~:ed~~cfrt t~-~~:::::::::::::::::::::::::::::: 50 0 0 0 I 24 51,891 97,508 180,549 224,089 181,968 
Coke produced, short tons .•••••.......•........... 25,568 48,587 102, 105 133, 997 115,719 
Total value coke at ovens ..••........•.....•••.... $145,226 $267,156 ""· '"' I '"'· '" $409,930 Value coke at ovens per ton .•• .. ... .. ............. $5. 68 $5. 29 $4. 67 $4. 36 _ $3. 45 Yield of coal in coke, per cent ..................... 49 50 57 60 64 
Some of the coke made in 1883 was in heaps on the ground. The in-
creased yield is due in part to the giving up of coal washing. 
GEORGIA. 
The extreme eastern outcrop of the coal fields of the Appalachian 
basin in their southwesterly trend cuts the northwestern corner of the 
State of Georgia, furnishing a small patch of coking coal. From the 
coal of this :field all the coke made in Georgia is produced. There is 
but one establishment, having 300 ovens in 1884, and producing in that 
year 79,000 tons of coke. Most of the coke produced is used at the 
Rising Fawn furnaces, in the same county as that in which the ovens 
are situated(Dade), and gives fairly good satisfaction. Some is also sent 
to Chattanooga and used at a furnace there. The coke has considerable 
ash, but it is thought to be more economical to flux this out in the fur. 
nace than to wash it out before coking. It is also believed that the un· 
wa hed coke is a better furnace fuel, being stronger and more vigorous 
than it would be were the ash removed by preliminary washing. The 
statistics of the manufacture of coke in this State for the years 1880 to 
1884 are as follows : 
Statistics of the manufacture of coke in Georgia, 1880 to 1884. 
1880. 1881. ~1~ 1884. 
Number of est.abliehmenta .......... ....•.•. ...... 1 1 1 1 1 
Ovens built .............. .... . .................... 140 180 220 264 300 
o::r! bu?:t~~ "to~~:::::::::::::::::::::::::::::: 40 40 44 36 0 63,402 68,960 77,670 111,687 132,113 
Cok produced, short tons ... ......•••............. 38,041 41,376 46,602 67,012 79,268 
Total =luo ooko at ovono ·:· . .......... ·-· ........ 
1 
$81,789 $88, 753 1 $100, 194 $147, 1C6 $169, 192 Value of coke at ov na per ton .................... '2.15 $2.15 $2.15 $2. 20 $2.13 
Yield of coalin coke, per cent .................... 60 60 60 . 60 60 
ILLI 01 8 . 
am have been recogniz cl, 
though the v in worked rarely 
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(':\.C ca (3 feet, and where they are of this thickness there is usually a 
lat<· parting-. Much of tbi coal would be classed as coking coal, but 
the chemical aud phy ical character of that worked so far is such that 
at-1 yet little or no coke has been made equal to the cokes of the .Appa-
lachian fi l<l. 
In th many attempt to produce a merchantable coke from the coals 
of Illinoi thr difficultie have been encountered: 
Fir, t, 1-,om of the b , t coking coals are quite impure, carrying a large 
per eutaA° • ofbotl.J a hand ulphur. Even most thorough washing fails 
in many m 'e to remove the e impurities. .At one works 60 per cent. 
of the coal wa wa h d away and there was still an excess of sulphur 
and a h. There ar , of course, exceptions to this statement. The coal 
of the Big Muddy di trict is quite pure, and the coke made from it is 
comparativ ly low in ulphur and ash. This coal, however, is not as 
well adapted to coking as that of other portions of the State. It is a hard, 
·emi-bituminou , free-burning fuel, but shows no tendency to run to-
gether or coke, even under extreme heat, unless first ground fine and 
wet . 
.A econd difficulty with Illinois coal is that where it is sufficiently 
free from a b and sulphur it is too dry to coke well in beehive ovens, 
the form mo t commonly used. Much time and money have been ex:-
pend d in the earch for the oven best adapted to the coking of these 
dry coal . .At one works four varieties of ovens are reported. . Not-
with tanding the e long-continued experiments, the question of ovens 
still seems in abeyance. The beehive, as a rule, has not made good coke. 
An ov ~n known as the English drag, varying in dimensions at different 
work , the ovens at one establi hment 'being 36 feet long, 7 wide, and 
3½ high, with a capacity of 300 bushels, or 11 tons, has been used with 
good results, as bas an oven known as the Thomas . 
.A third difficulty with Illinois coke is that generally it is not strong 
enough to bear t,he burden of furnace work without an admixture of 
Connellsville coke. 
The only section in which this industry has assumed any importance 
is the Big Muddy region and its neighborhood, in the southwestern 
part of the State. This coal field or pocket covers an area of about 
4,000 acres. The seam lies almost horizontal, with a slight drop to the 
north, and varies from 5 to 7 feet in thickness, with a thin slate part-
ing. 
Near this Big Muddy depo j t, at Carterville, in Williamson county, is a 
mall pocket of comparatively pure coal. The coal contains more bitu-
men than the Big Muddy, but more ash and sulphur. The vein is 9 feet 
thick, ome 2 feet of which are left in the roof. The slack is transported 
to Harrison, Jackson county, where the company's coke works are lo-
cated. As this slack is crushed and washed before coking, the ovens 
are located at Harrison to secure an abundant supply of water. At 
2 XR--11 
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this place there are 108 ovens, 16 feet long, 6 feet wide, and 3½ feet 
high. 
At Saint John's, Perry county, the Illinois Central Iron and Mining 
Company have eighteen ovens, making coke from the Paradise coal. The 
coke from this coal gives 90.44 per cent. of carbon and but 8. 76 per cent 
of ash and 0.80 per cent. of sulphur. These ovens have been in operation 
for several years, but the enterprise is still regarded as experimental. 
In 1882 a block of :fifty beehive ovens, with crushing and washing ma-
chinery, was built at Brussels, in Calhoun county. But little coke was 
made, the mine being closed by reason of the business depression. The 
coke made is reported to have been a good furnace fuel. 
The Equality Coal and Coke Company, at Equality, Gallatin county, 
is making coke in a limited way, the coal being crushed and washed. 
The ovens are Belgian, 2 feet wide, 5 feet high, and 30 feet long. The 
charge is 5 tons. The coal is of an excellent quality, almost free from 
sulphur, and the coke is reported to be clean and strong. 
At Brookside, in Matlison county, there are six ovens for utilizing th~ 
nut coal and slack from the mines of the Brookside Coal and Coke 
Company. The coal is crushed and wasned. The coke has been used 
by maltsters, blacksmiths, foundries, and pressed-brick works with good 
re ults. 
Until quite recently the attempts to coke Streator coal were not at all 
ucce sful. Within a short time the Luther & Tyler Coal and Coke 
Company has shown that a fair coke can be made from Streator screen-
incr if thoroughly washed. This is the only merchantable coke that 
ha be n made either in the Streator or Wilmington coal :fields. The 
company has but three ovens, making 75 tons a week. It will probably 
build more. The coke has about 80 per cent. carbon, 18 per cent. ash, 
an<l 2 per cent. sulphur. 
1'_here i al o a block of twenty-four Belgian ovens opposite Saint 
L ui , in Saint Clair county. These were built to utilize the nut coaJ 
and lack from the Belleville coals, but the coke, though made from 
refully wa bed coal, wa too high in sulphur and ash to compete with 
that from other parts of the country. 
The following are analyses of some Illinois coals and cokes : 






Sa.int I Brook 
John's. side. 
I 
Fix carbon .. ..... • .... •.... .•. 59.13 1 57.06 87. 82 88.18 86. 79 80.14 ·---~~~-' 87.10 Volatile matt r ......••..•...•... 3L03 33.71 0. 8.'l o. 03 2.42 L58 0.11 Ab .. .... .... .. . . • .... .....•.... , .• , I 3. 21 11.85 --~~:?1 I!. 81 18.28 8. 76 1 11. 32 '~1:!r~.::::::: :::::::::::::::::. 0.76 ].19 1. 08 0.88 2.03 0.80 0. 69 6. 87 .02 2.48 0.49 
I I : I . 
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The following are the statistics of the manufacture of coke in Illinois 
for the years from 1880 to 1884: 
Statilltics of the manufacture of coke in Illinois, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
---- --- ----1--------------· 
Numb r of tabliebments .•.......•................ 
Ov nebuilt .......... . .............................. . 
g~~l~s~d~~l~ft ·to~~:::::::::::::::::::::::::::::::: 
Cok~ pro<lnc d, short tons ............... . ..•....... 
'l'otal vnlueook a.tovens ........................... . 
Value cok nt ovens per ton . ..................... . 









































Of the 325 oven reported as built in 1884, 55 are beehive, 52 Belgian, 
92 Thomas, and 126 English drag. 
INDIAN A. 
No coke has been made in this State in the five years covered by this 
report, though there are two coke works in existence, and though it is 
claimed, and with good reason, that there is in Indiana a vast area of 
good coal adapted to making excellent coke. One reason why little 
coke has been made at any time in this State is that .the block coal 
mined here is a very valuable fuel, and can be worked in blast furnaces 
in the raw state. Another reason probab1y is that as yet the industrial 
coke made from the coals of Indiana have not been good fuels for iron 
making and melting, which is the chief use to which coke is put. The 
pb,ysical constitution of the coke was bad, i.t being weak and cellular, 
and, in addition to this, the cokes are high in ash. 
Probably the most thorough and careful attempt yet made to coke 
Indiana coal was that of the North Chicago Rolling Mill Company. 
The coal used was screenµigs of Coal Creek coal from Fountain county. 
These screenings contained from 15 to 20 per cent. of ash, which was 
reduced by washing so that the coke contained only from 10 to 12 per 
cent. The sulphur, however, was from 0.75 to 1.25 per cent. Belgian 
ovens with Enders's modifications were used. The coke, besides being 
high in sulphur, was spongy and soft, and would not carry a burden 
in the furnace; but when mixed in the proportion of from 10 to 15 per 
cent. with Connellsville coke fairly good results were obtained. Mr. 0. 
W. Potter, president o1 the company making the experiments, writ,es: 
''We are not sure but further experiments in using lump and nut coal 
and crushing to remove the slate may give us better results than we 
have bad up to this time." 
As already stated, there are nominally two coke works in Indiana. 
At these two coke works there were forty.fi.ve ovens in 1880. At one 
works, that of the Central Iron and Steel Company, situated at Bra-
zil, eight of the ovens have been abandoned, and but twelve are in a con-
dition tQ resume work should it ever be deemed advisable. At the other 
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work , m ] 1ountain county, though the ovens are still standing, all oper-
ations have been abandoned. As the ovens are in existence, however, 
they are reported, giving a total at the present time of thirty-seven 
ovens in the State. 
INDIAN TERRITORY. 
There is but one coke works in Indian Territory, that of the Osage 
Coal and Mining Company, located at McAlister, Tobocksey county 
(Choctaw Nation). This company has twenty . beehiv~ oven~, in which 
the refuse slack produced in the mining operations is coked. The follow-
ing are analyses of the coal and coke: 
.Analyses of Mc.Alister, Indian Territory, coal and coke. 
Coal. Coke. 
Per cent. Per cent. 
Moisture _ ....... _ .. __ . . . . . . . . . . . . . . 2. 10 • 325 
Volatile matter . _ .. _ . _. _ . . _ . _ . . . . . . . 29. 71 1. 560 
Fixed carbon ..................... _. 62. 67 88.140 
Ash .. -... -- . .. ...... - ... __ ... . . . . . . 5. 52 9. 975 
100. 00 100. 000 
The coke is free from sulphur and phosphorus and has an excellent 
reputation among the foundries, blacksmith shops, and breweries of 
Kan as and N ebra ka and western Missouri and Iowa. 
The statistics of the manufacture of coke in this Territory for the 
years 1880 to 1884 are as follows : 
Statistics of th6 11ui111,ufactwre of coke in Indian Te1·rito1·y, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
------------------1--------- --
:r om ber of establishments . ___ ........... ______ . __ .. _. ____ .. 
Ovens hnllt . ____ .. _. _. _ . __ . ___ ..... . _ .. _ ... _ . • ..• _ ...... __ .. 
gf ~::p~:;~r ii~~~~-~-:-:-:::::~:-:::-:::::::::::::::-::::::: 
Total value coke at ovens. ___ .. ·- __ ......... -··· .... __ ..•.. _ 
VS\loe coke at ovens per ton -····-·.·-·-·------······· ___ ' ... 









































n the returns received no tatement as to coal used was included, 
k o ly b ing u ed. A yield of 62 per cent. has been assumed. 
IOWA. 
me ok oven were built in the Ottumwa ui -
f utilizing the lack from a number of the coal 
n t ucce ful. The ovens were abandoned 
no coke is at pre ent made 
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KANSAS. 
But little coke i made in Kansas, and what is produced is chiefly to 
utilize the fine coal and lack. The most valuable of the workable veins 
of coal yet di covered in thi State are iu the southea.stern part, in Cher-
okee and Crawford countie , and are a spur or portion of the southwest-
ern Mi ouri coal field. All the coke works of the State draw their sup-
plie of coal from these veins. Seventeen of the ovens and two of the 
four work in the State at tho close of 1884 were in Orawford county, 
the others in Oherokee. The coke is known locally as " Cherokee coke." 
In ome in tances the mine proprietors coke their own slack ; in others 
they furni hit to oven proprietors, who coke it for their own use. The 
coke work are small, the largest having but twelve ovens, two of the · 
other but three each, and the fourth five. The coke is reported to be 
only fair, containing considerable ash and sulphur. The coal at a prom-
inent mine in Crawford county is from 3 feet 2 inches to 3 feet 4 inches, 
oo.d sometimes 4 feet, and is divided into four benches by three part-
ings. These partings Garry considerable iron pyrites and gypsum. 
Frequent" hor ebacks" are also encountered. The following is an an-
alysis of the coal : 
Percent. 
Hydroscopio moisture._.... . . . . . . . . . . . . . . . . . . . 1. 20 
Volatile combustible substances . _.... . . . . . • • . 35. 72 
Fixed carbon·--· .............. ··-··· .... ·-···· 53. 97 
.A.ah........................................... 9.02 
100. 00 
It is stated that the coal contains 5 per cent. of sulphur. The coke is 
hard, with a metallic luster. The ash is a light reddish brown. It is 
used for domestic purposes and in smelting, all but one bank of ovens 
being operated by zinc smelters, who burn coke only for their own fur-
naces. The coke finds its chief market among the smelters in the neigh-
borhood of the ovens and for domestic purposes at ltansas City. The 
statistics of the manufacture of coke from l880 to 1884 are as follows : 
Statistios of tM rnanuf acture of coke in Kansas in 1880 to 1884. 
Number of establishments .... ·-············-··--· 
Ovens built ............ . .......... . •.•............ 
8~:r~~~~t ·to~~:::::::::::::::::::::::::::::: 
Coke proauced, short tons ... ····-·· ............. . 
Total value coke at ovens ............•........... . 
Value coke at ovens per ton ...................... . 














































In 1880 and 1881 some of the coke reported as made was produced at 
one establishment in pits. 
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KENTUCKY. 
But little of the coke made in Kentucky is from the coals of the St~te. 
Practically the entire output was burned in the ovens built on the Ohio 
opposite Cincinnati, in which are utilized the screenings from the coal 
yard e tabli~ hed for distributing the upper Ohio coals. 
There are in thi"' State two coal fields: first, the eastern, of some 
8,700 square miles in extent, a western extension of the coal fields of 
West Virginia; and second, the western, covering some 4,000 square 
miles, the southern extension of the Indiana deposits. Much of the coal 
field of the eastern deposit is so situated relative to transportation that 
a coking coal would have at the present time but a limited market. 
In addition to this, little coal has been found that makes a good indus-
trial Goke. Prof. John R. Proctor, of the State Geological Survey, some 
time ince announced the existence of a coal in southeastern Kentucky 
remarkable for thicknes , purity, and its high percentage of carbon, 
which he has named the "Elkhorn coking coal." This coal has been 
identified and traced over a large area on th~ headwaters of the Big 
andy, Licking, Kentucky, and Cumberland rivers, where it was found 
from 8 to 9 feet thick. Thi coal was coked by officers of the Geologi-
cal Survey by building ricks on the ground, and was also sent to coke 
ovens at Cincinnati and in Connellsville, Pennsylvania. Analyses of 
the cokes by Dr. Peter give the following results (No. 1 was made in an 
oven at Cincinnati, No. 2 at Connellsville): 
Analyses of cokes made from southeastern Kentucky coals. 
No.I. No.2. 
Per cent. Per cent. 
:Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 1. 20 
Jfixed carbon . . . . . . . . . . . . . . . . . . . . . . . 93. 20 94. 14 
Aeh . ... ... ... ...... ..... . .... . .. .. . 6. 60 4. 66 
I loo.00j1oo.oo 
I Sulphur . • • • • • • • • • • • •• • • • • . • • • • • • • • . O. 734 1. 484 
The coke are firm bright, and, a will be seen, quite pure, but, so far 
a ha be n 1 arn <l n u ·e ha been made of the coal for coking on a 
were made to utilize the coals of Carter 
f coke for bla t-fnrnace purpo es, but with 
den. e, weak, and qaite high in sulphur, 
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No coke bas been made in this mstrict on a ·commercial scale. 
Some careful and thorough tests have been made as to the adapta-
bility of the coals of the western field to make an industrial coke. The 
re ults have not been satisfactory, and the only coke n:iade in tbis ·sec-
tion in the four years covered by, this repo'rt bas been in very small 
amounts for domestic use. Attempts wAre made a number of years ago 
to run some of the charcoal furnaces of this district on coke. An analy-
sis of a sample of coke that bad been weathered sixteen years, made at 
the old Airdrie furnace, showed but 5.40 per cent. of ash, with but 0.64 
per cent. of sulphur and with 82.90 per cent. of carbon. 
The most exhaustive experiments with the coals of this district have 
been made at the instance of the Saint Bernard Coal Company, of Earl-
ington, Hopkins county, the most extensive miner of coal in the State. 
The tests and analyses were made at the Cambria Iron Works, Johns-
town, Pennsylvania, by Mr. John Fulton and Mr. T. T. Morrell. The 
table exhibits the physical and chemical properties of the Saint Ber-
nard coke as compared with Connellsville: 
Oornparison of Connellsville and Saint Bernard cokes. 
Locality. 
Grams in 1 cubic inch: 
Pojft~:i:~~~~~:j~~;::: ::: : : : : : : : : : : :: : : : : : : : : : : :: : : : : ::: : : : : : ::: ::~ ::: : :: :: : :: 
~flt·:::·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Percentage: 
i1t· :::::::::: :::::: : ::::: :::::: ::::::: :: : :::::: :::: :: :::::: :::: :: : ::::: :: : :: : 
Compressing strength per cubic inch, one-fourth ultimate strength .......... . ... . . 
Height of furnace charge supported without crushing ........•...........•.. _ ... . 
Order in cellular space ............. ....................... . ........ _ ...... ... _ ... . 
Hardness .....................................................•.....•.....•...... . 
~t~~i!;1Uoi~=:::::: :: ::: : : ::: : : ::: :: : :: ::: : : : : : : : : ::::::::::: :: : :: :~::::::::: 
Moisture------ .................••.........•...•..........•......•...• •.... ... 
Ash ·· ·····························-···················-·-······ ·· ····· · ·-··· · 














































Regarding these tests Mr. Fulton writes: "From this table the very 
close resemblance of the physical structure of the Saint Bernard coke 
to that of Connellsville will be observed. It is so nearly equal to it in 
cellular space and hardnes that no distinction" should be drawn. Its 
burden-bearing property slightly exceeds the Connellsville." This coke 
w9,s made from washed slack. The sulphur is undoubtedly lower than 
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would be found in ordinary practice. It is doubtful if coke can be made 
l'egularly from these coals with less than 2 to 2.5 per cent. of sulphur. . 
All the coke made in the western district was made from the Saint 
Bernard cual for domestic consumption. The yield of the coal in the 
oven i from 49 to !55 per cent. 
The following are the statistics of the manufacture of coke in Ken-
tucky in the years from 1880 to 1884. The Cincinnati district includes 
tho e ovens using screenings from the coal yards on the Ohio at and 
near Cincinnati. One works, with six oven's, was not in operation in 1884. 
The western district includes the ovens in the western coal field. One 
of these works is the Saint Bernard, already spoken of; the other is at 
Mercer station, in Muhlenberg county. In these latter ovens no _coke 
was made during the years covered by the report. 
Statistics of the total manufacture nf coke in Kentucky, 1880 to 1884. 
Number of establishments .......•................ 
o~eus built, ..... .........•....................... . 
g::t~ ~tl~~i~~i ~~8 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Conl produced. short tons ........................ . 
'rot.al value of coke at ovens .......•............. ·1 
Valt1 ·oko at ovens per ton ........... ........... . 














































Statistics of the manufacture o~ coke in the Cincinnati district, Kentiwky, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
-------------- ---------------
Numb r of establishments ...•..........•......... 
vens built ........... .. .•.............••.......... 
<~~af~~t1~~~~t-io~a::::::: ::: : : : :: : :::::: :::::::: 
Cok -produced, abort tons ...............•........ 
'J'otal value of coke at ovens ..................... . 
Va1uo coke at ovens per ton .......•..... ........•. 








































• tatistics of the manufacture of coke in the western district, Kentucky, 1880 to 1884. 
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MONTANA. 

































et produc d in fontana bas been experimental, to te t 
king qualiti . f th coal a d the value of the coke a a fu 1. 
t h n chi fly if not entirely, with the coal of 
th '' zern. n fi l<.l.' l\1r. org T. ickes, r. E., 
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formerly manager of the Low Mo~r iron works of Virginia, and fully 
competent to give an opinion, has during the past two years built three 
ovens in different places in the. neighborhood of Bozeman, and t<3sted 
the coal. He reports that the coke made was firm, bright, and por;ous, 
with a good structure and a clear metallic ring. · It required from 2 to 
2¼ tons of coal to make a ton of coke. Tbat burned forty-eight hours 
seemed the best. The following is an analysis of the coke: 
·.Analysis of Bozernan, Montana coke. 
Per cent. 
Water........... . .... . ........................ . 66 
Fixed carbon................ . ............... . . 77. 00 
Ash............... .. ........... . .......... . ... 22. 75 
l'°°4 
\. 
The coal was not washed, and hence the high ash. Mr. Wickes thinks 
that this can be removed to a large extent by washing. 
From other sources it is learned that the Bozeman field is about 5 
miles square. The veins are from 3½ to 4 feet thick, with a dip of from 
350 to soo, averaging 45°; so that the width of the available field is not 
over 2,000 feet. The coal is stated to contain from 34½ to 41½ per cent. 
volatile matter, from 43½ to 50 per cent. of fixed carbon,, and from 8 to 
12 per cent. of a.sh. 
Experiments in coking this- coal have been undertaken by the North-
em Pacific Railroad Company, the Union Pacific Railroad- Company, and 
Messrs. Quealy & Hoffman. These latter gentlemen report that they 
have demonstrated that this coal is well adapted for making coke. 
They have erected two beehive ovens, 11½ feet by 5½, and have the ma-
terial on the ground ready for twelve more ovens of the same pattern. 
Four carloads of the coke made have been supplied to Montana smelters, 
and some used for domestic purposes, in each case with good results. 
There are other fields of coking coal reported, but no definite infor-
mation regarding them has been obtained.. The statistics of the manu-
facture of coke in Montana from 1880 to 1884 are as follows: 
Statistics of the nianuf acture of coke in Montana, 1880 to 1884. 
1880. 1881. 1812. 1883. 1884. 
---------------------1----------
Number of establishments ........................................... . 
Ovens built ...•...............................••...•...••••.••••••..•. 
g~:r~~:tl~~t!rt ·t;~~:::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
~~~l ~1;S~~c:1k.:~ir;v~:ss::::: ::: : : : : : : : : ::: : : :: :: : : :::: :::: :: : : :: : : : : 
Value of coke a.t ovens per ton ..•..•.............•...••....••••...•... 
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NEW MEXICO. 
Tbe only coke ovens in New Mexico at the close of .1884 were thos11 
of the San Pedro Ooal and Coke Company, at San Antonio, on the Ric, 
Grande. These ovens are on the line of the Atchison, Topeka and 
Santa Fe railroad, and, with those at Starkville, Colorado, are in their 
management closely identified with that railroad. 
The San Pedro coal is a good coJnng coal, with some 5 per cent. of 
ash, yielding 56.¼ per cent. of coke. The vein is from 5½ to 6 feet thick. 
The field has been greatly disturbed; faults are common and the coal 
comes out much broken. The vein lies at an angle of from 10° to 15°. 
The erection of ovens was begun by this company in 1882, but no coke 
wa made until 1883. The results obtained in coking this coal were so . 
satisfactory that the twelve ovens completed in 1883 were increased to 
Reventy in 1884, and the production from 3,905 tons in 1883 to 18,282 
tons in 1884. The coke is used by the Billings smelter at Socorro, and 
shipped to other points in New Mexico and to Arizona and Mexico. 
The value of the coke produced at tbjs works, as given in the accom-
panying table, is an estimate. 
Some coke has also been produced in the Cerrillos mining district, in 
Santa Fe county. In 1883, prio:r; to the building of the San Pedro 
oven , ten stone pits, with a capacity of 10 tons of coke each, were built 
at Waldo Banks, and about 1,000 tons of coke· made in that year from 
ome 1,500 ton of coal. This coke was tested at the Billings smelter at; 
ocorro, New Mexico, the Grant smelter at Denver, the Arizona Copper 
Company, and others,'' who all pronounced it the equal of Connellsville 
coke, and by far the best coke made in the West." In 1883 and 1884 
no coke was made, owing, it is stated, to difficulties about railroad freight. 
ince the be 0 'inning of 1885 burning in the pits has been resumed, and 
th immediate rection of ovens i contemplated. It is claimed that 
the rrillo coal i an exceedingly pure coal. The veins are from 2 to 
5 t t thi k, fr e from slate or bone, with a drop of about 12°. 
Tbe following are:\ the stati tics of the manufacture of coke in New 
Mexico from 1 0 to 1884 : 
tatistics of the 111.anufaoture of coke in New Mexico, 1880 to 1884. 
1880. 188L 1882. 1883. 1884. 
----------
0 0 2 2 2 
0 0 0 12 70 
0 0 ]2 28 0 
0 0 1,500 6,941 2~. ll90 
0 0 1,000 a, oos 1 , 282 
0 0 $6,000 $21,478 $9: uo 
0 0 $6 $5. 60 '5 
0 0 116t 57¼ J7¼ 
pita, with an average capacity of 10 tone each. 
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OHIO. 
T1'e cokes produced in Ohio from the coals of the State are made 
chiefly in the vicinity of Leetonia, Columbiana county, and Steuben vi] le, 
Jefferson county. Some little is made in the Hocking valley, at Bridge-
port, Belmont county, and in other localities, but the total amount is 
very small. Its manufacture has been abandoned at Port Washington, 
at Canal Dover, and in other sections. A very litt.le is. burned near 
Zanesville for loca.l domestic consumption, and there are also in Cincin-
nati and vicinity several blocks of ovens, in which in the aggregate con~ 
siderable coke is made from the screenings and <lust from the coal boats 
. and coal yards. 
While most of the coal of this State is classed as coking, so far but 
little bas been found as well adapted to the manufacture of coke as 
some of the coals of Pennsylvania, West Virginia, and Alabama, though 
the coal fields are part of the great Appalachian basin, and the seams 
the same in some instances as those from which coke is made in Penn-
sylvania and West Virginia. The coals of these seams both east and 
west from Connellsville appear to lose to some extent their value as 
coking coals. Some of the cokes of Ohio are lower in ash than that 
made in Pennsylvania, but, as bas been stated elsewhere, relative purity 
is not always an indication of the economic value of a coke. The Ohio 
cokes are usually soft, brittle, high in sulphur, and in many cases in 
ash also, though this is not always true. The Steubenville coke is low 
in ash, but is a very weak coke, breaking easily and not bearing trans-
portation, a large part of it becoming dust even in transporting it but 
a few hundred yards from the ovens to the blast furnace. The Wash-
ingtonville coke, made at Leetonia, the only other Ohio coke used in 
blast furnaces, is also a pure coke, not as compact as Connellsville, will 
not stand transporting as well, but is regarded as better than Connells-
ville in smelting the native ores, and is equal to it in carrying burden. 
Washingtonville coke.-The coke made in the vicinity of Leetonia~ 
Columbiana county, is made from coal in part from Columbiana county 
an<l in part from Mahoning county, the county lines in some cases run-
ning through the mines from which the coal is procured. There are 
three coke works in this district, one of which, with ten ovens, made no 
coke during the years covered by this report, and a ~econd, with :fifty 
ovens, is now idle an<l has been for two years. During 1880-'82, one 
hundred and ninety-four ovens were in operation, and in 1883-'84' but 
one hundred and forty-four. The coal from which this coke is made 
corre ponds to the Lower Kittanning of the Pennsylvania survey. It 
is a valuable deposit, but it is the thinnest coal worked in a large way 
in Ohio. The greatest thickness at the Cherry Valley mines is 3 feet, 
tlrn average 30 inches. The upper 4 to 6 inches is hard and slaty, and 
is not coked, only the 2 feet at the bottom being used in the ovens. 
Sometimes ~he run of the mine is coked, but frequently only the slack 
172 MINERAL RESOURCES. 
from a 2-inch escreen, the lump in such cases being sold or used at the 
furnace or rolling mill of the company. The following are analyses 
of thi coal and coke, both from the Oberry Valley mines, No. 1 from 
Leetonia and No. 2 from Washingtonville: 
.Analyses of Washingtonville (Leetonia), Ohio, coal ~nd coke. 
COAL. 
No.1. No.2. 
Per cent. Per cent. 
Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 60 4. 37 
Volatile matter . . . . . . . . . . . . . . . . . . . • . 37. 86 35. 50 
Fixed carbon . . . . . . . • . • . . . . ... • . . • . .. 56. 14 57, 91 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 40 2. 22 
100. 00 100. 00 
Sulphur in ash .............•........ 8'..! 
COKE. 
I . I No.1. 
Ash . . . . . . . . . .. . . . . . . . . ........... · 1 Pe; i{~~-
Sulphur • • . . . . . . . . . . . . • • . . . . . . . • • • . . 1. 08 






Analyses of Washingtonville (Leetonia), Ohio, coke. 
No.1. No.2. I 
Per cent. Per cent. 
Carbon.............................. 93. 75 95. 50 
Ash................................. 5. 38 3. 30 
Sulphur in ash . . . . . . . . . . . . . . . . . . . . . . . 87 1. 20 
100. 00 100. 00 
Silica......................................... 3.02 
The following are the tatistic of the manufacture of coke in this dis-
trict from 1880 to 1884 : 
Statistics of the ma1mfacture of ooke in the Washingtonville district, Ohio, 1880 to 1884. 
1880. 188L 1882. 1883. 1884. 
---------------
8 8 3 3 3 
204 204 204 204 204 
0 0 0 0 0 
76,321 66,972 67,516 57,785 58,363 
43,438 89,718 36,646 31,304 29,983 
,12 , 608 $119,883 $110,617 $87,651 $68,806 
f2, 96 $3. 01 $3.01 $2. 80 $2. 90 
57 59 54 54 57 
teuben ille coke.-Thi c al field, in which are included the ovens in 
J fti r · n B I nt counti , i one of the mo t important a it i one 
of th ol e t w rked a d e t known in Ohio. The coke made in Swu-
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benviJle is from what is known locally as the Steubenville shaft coal, 
corresponding to the Lower Freeport of Pennsylvania. It ranges from 
3 to 5 feet in thickness, the average being perhaps 4 feet. The follow-
ing are analyses of the shaft coal and coke made from it in the ovens 
of the Steubenville Furnace and Iron Company: 
.Analyses of Sttubenville shaft coal and coke. 
Coal. Coke. 
Per cent. Per cent. 
Water....... . ..... . ............... . 1.40 
Volatile combustible matter........ 30. 90 
]'ixed carbon... .................. .. 65. 90 90. 63 
.A.sh . . • • • • . . . . • . • • . . . .. . . • . . . . • . . . . . 1. 80 8. 38 
100. 00 
===-== 
i~K!1~ei::: ::::::: :::: :: ::: : :: : : : : .... ----~~- .ZT . 72 
100.00 
The coke, as already stated, is so weak and friable that it has been 
found more economical to use a portion of Connellsville with it in blast-
ftJ.rnace work. The following are the statistics of the manufacture of 
coke in this district from 1880 to 1884 : 
Statistics of the manufacture of coke in the Steubenville district, Ohio, 1880 to 1884. 
1880. 1881. 
I 
1882. 1883. 1884. 
Number of establishments ..... .............. ... .. 7 7 8 9 10 
Ovens built ... . .. . . ...... ... . ............ . ...... . . . 360 385 391 ((11 (51 
Ovens lmildi,ng . ..... ... .. ... .. . .......... .. ....... . 25 0 0 0 0 
Coal used, short tons ..... . . . . . . . . .. ............ . .. ';7,(86 111,561 92,199 57,961 21, 217 
Coke produced, short tons . .. . .. • .. .• .. .. ..... . .•. 45,835 65,752 54,161 35, 313 13,356 
Total value coke at ovens ............ . ........ .. .. $83,789 $1 22,953 $106,971 $70,631 $25,691 
Value cok e at ovens per ton . ... .. . ...... . ......... $1. 83 $1. 87 $1.98 
$21 
$L92 
Yield of coal in coke, per cent .................... . 59 59 59 61 63 
Hocking Valley coke.-The only coke made in the Hocking valley is 
at Happy Hollow, from the Upper Freeport coal. The ovens at this 
place were built as an experiment to test the coking qualities of the 
slack, which accumulates in large quantities~ and not only had no value 
but its removal entailed considerable expense. To avoid this expense 
and to give some value to the slack, it is coked. The coke made was 
fairly firm, but too high in sulphur for smelting purposes. Experiments 
in wa bing out the sulphur have been quite successful, and sepa-
rating machinery is now being erected, when it is believed that there 
will be a much better demand for the improved product. It is not prob-
able that the washed coke will have much value as a furnace fuel. 
This is of but little moment, however, as much of the coal in the valley 
adapted to u e in the furnace raw, 
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The following are the statistics of the manufacture of coke in tl:J.i., 
district from 1880 to 18_84: 
Statistics of the manuf Mture of coke in the Hooking valley, Ohio, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
Nilm ber of establishments .... .............•...... 1 1 1 1 1 
Ovens built ........................ ........ •...... 20 20 20 20 20 
g;:1n~s~t~f::Jt -t,o~s:::::::: :: : : ::: : : : ::: : : : :::::: 0 0 0 0 0 2,505 l, 905 2,175 2,778 1,450 
Coke produced, short tons ........................ 1,002 762 870 1,111 580 
Total value of coke at ovens . . ................••... $1;253 $953 $1,088 · $l, 388 $725 
Value coke at ove!ls per ton ................... ... $1. 25 $1.25 $1.25 $1. 25 $1. 25 
Yield of coal in coke, per c nt ..................... 40 40 40 40 40 
Cincinnati coke.-All the coke made in Cincinnati is from the screenings 
and small coal of the coal yards and boats. Most of the coal coming to 
Cincinnati is brought by the Ohio river in boats and barges, from which 
it is elevated into the numerous coal yards of the city. Large amounts 
of fine and small coal result from the weathering and hauling, and this 
is coked. Though made in Ohio, therefore, but little of the coal used is 
from this State. The following are the statistics of the manufacture 
of coke in this district from 1880 to 1884: 
Statistils of the rnam,f aoture of coke in the Cincinnati dist;riot, Ohio, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
---- --------,---- ---,----------
Numb r of t'Stablishments ....................... . 
Ovens built .................. ........ ....... ..... . 
c~!1~b1t~h~~ -to~s ·.: :::::::::::::::::::::::::::: 
Coke produc d, short tons . ......................•. 
Total vnlu coke at ovens ........................ . 
Value of coke at ovens per ton ........... .... . ... . 








































Company hav made om coke for 
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near Zanesville from the Upper Zanesville (Middle Kittanning) coal. It 
is quite high in sulphur and ash. In 1872 ovens were erected and some 
coke was made and used in the blast furnace at Zanesville, with fair 
results. The enterprise was abandoned. At present there are four 
ovens in this district, but no coke has been made for several years. 
Statistics for Ohio.-The following are the statistics for the manufact-
ure of coke in Ohio for the years from 1880 to 1884: 
Statistics of the manvjacture of coke in Ohio, 1880 to 1884. 
I 
1880. ~ 1882. I 1883. 1884. ------
Number of establishments . •..•. . ..... . ...... -.... 15 15 16 18 19 
Ovens built ...••...... . ........... . .••....•.... . .. . 616 641 647 682 732 
Ovens building ...• . .. .. ............ •. ..•.....•... . 25 0 0 0 0 
Coal used, short tons .... .•..........•..... . ...... . 172,453 201,045 181,577 152,502 108,164 
Coke produced,short tons .•.... . .................. 100,596 119, 469 103,722 87,834 62,709 
Total value coke at ovens . .. ... ...... . ........ .. . . $255,905 $297,728 $266,113 · $225,660 f156, 20, 
Value coke at ovens per ton . ... ..... ........ .. .. . $2.54 $2.49 $2.57 $2. 57 $2.49 
Yield of coal in coke, per cent .... . . . ............. 58 59 57 58 58 
,. 
PENNSYLVANIA. 
For convenience of reference the coke. ovens of Pennsylvania have 
been divided into ten districts, as follows: 
1. Connellsville. 
2. Irwin-Latrobe (Pennsylvania Railroad). 
3. Alleghany Mountain and Somerset. 
4. Show Shoe. 
5. Broad Top. 
6. Pittsburgh. 
7. Beaver. 
8. Alleghany Valley. 
9. Low Grade or Bennett's Branch. 
10. Blossburg. 
The bituminous coal regions of western Pennsylvania were divided 
by Professor Rogers, in his Report of the First Geological Survey of 
Pennsylvania, into six principal basins, numbered from the Alleghany 
mountains on the east to the Ohio river on the west. Five gr~at anti-
clinal waves of remarkable persistence and regularity sepa.rate these 
· basins, one of these, the anticlinal that bounds the Connellsville basin 
on the west, running from the Virginia State line to Elk county, a dis-
tance of 100 miles, in an absolutely straight line. Some of these basins 
coincide with the physical division of the surface. The first basin, for 
example, lies between Laurel Hill and the Alleghany mountains, and 
the second between Chestnut ridge and Laurel Hill. Other basins, 
however, are only geological, and have no strongly marked correspond-
ing surface depressions. · 
ln all of these basins co~e w~s made during the perio4 covered by 
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this r port. The bu1k of the product, however, was from the Alleghany 
l\iountain and tbe Connellsville regions. Most of the coke was made 
from the coal of the great Pittsburgh seam, which is, on the whoJe, 
the most extensive and important coal bed in the Appalachian basin. 
It is the main seam worked at Pittsburgh, on the Monongahela and 
Yonghiogheny rivers, at Connellsville, Wheeling, and many other places, 
and i estimated to underlie, in the States of Pennsylvania, Ohio, and 
West Virginia, 14,000 square miles. In southwestern Pennsylvania 
Professor Lesley estimates that this bed, after all the erosion it has un-
dergone, is found over an area of somewhat less than 3,000 square miles, 
so situated that every square yard of it can be reached. This bed does 
not everywhere show the same thickness as in western Penn8ylvania, 
where it is generally about 8 feet, gradually increasing eastwardly to 
the Cumberland (Maryland) region, where it is 14 feet; ner does it 
alway~ make as good coke as that of the Connellsville region, where 
it is seen at its best. 
Connellsville district.-The Connellsville region or basin, the great 
coke-producing center of the country, is situated in the southwestern 
part of PennsyI-rnnia, in the counties of Westmoreland and Fayette, 
'Orne 50 or 60 miles from Pittsburgh. It is a slender prong separated 
from the Upper Coal Measures, and may be regarded as extending from 
near Latrobe, on the Pennsylvania railroad, in a southwesterly direction 
to the Virginia line, forming a basin some 3 miles wide and 50 long, 
almo t without a fault, the beds yielding from 8 to 10 feet of workable 
coal. Tlrn same trough that contains the Connellsville coal extend'3 
11ortll we terly from Latrobe through the remainder of Westmoreland 
·otrnty and through Indiana and Clearfield counties, but the Connells-
Yillc region i r garded as extending no farther north than the vicinity 
of Latr b "· 'Ille. coal in the northern part is inferior as a coking ma- · 
t rial to that in the southern part, though both physically and chem-
ic n, · he coal of tbi ba in on the Uonemaugh seems the same as that 
n th Youghiogh ny. The latter, however, produces the typically Con-
nell ·villo cok compact, silvery, and lustrous; while the coke from the 
co· l on the on maugh, or in any locality north from the Pennsylvania 
railr ad i, t n r, dull, and oon lo e what little luster it has. Even 
iu . ·om p rtion, f what i, known a the Connellsville region proper 
th coal and coke are not of equal value. Coal at Coketon, in the nortb-
rn 1 art f th i mediat Connellsville ba in, just south of the Penn-
,· lvania railr ad pr duced wretched coke when coked a it came from 
th , min bu when w ·h d it produced a coke regarded a fully eq11.al 
t the nn 11 vill . The coal at Latrobe and at Loyalhanna, in the 
1 · lity wu ·t al o be wa hed efore coking to produce the be t 
r ult . 
lied Conn 11 ·ville coke i made i 
epor f th J• irH T ologiral 
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Survey of Pennsylvania, of 1842, and is described in the second Yolume 
of the final report, of 1858. The continuation of the Pittsburgh area of 
this bed with the Connellsville area is broken off by the Youghiogheny 
river, the bed taking an upward course and descending again, the in-
termediate portion being swept away. This has led to a popular belief 
that the bed at Connellsville is different from that at Pittsburgh, but 
careful surveys have established their identity. It is a fact, however, 
that at Pittsburgh this bed is not in its best condition, while at Con-
'nellsville it is at its greatest thickness ~nd is of the finest quality. It 
is also true that the coke made from the bed at Pittsburgh is not as 
good as that made at Connellsville. In the -Connellsville basin the coal 
ranges from 8 to 11 feet in thickness, with one small slate parting, the 
"bearing-in slate," 18 inches above the floor. The roof is only passa-
ble; the rooms can only be run 12 feet wide, and the pillars will aver-
age 10 feet, a large amount of which is lost in drawing. The floor is 
even and quiet; the coal is of a remarkably good and uniform character 
and is soft and easily mined. On wagers, 23 wagons (57,684 pounds) 
have been dug and loaded inside of ten hours by a mau and a boy. The 
greater portion of the work is to shbvel the coal into wagons, the digging 
or mining being the easiest part. Very little outside labor is required, 
and the average output per man per day is from 8 to 10 wagons, the 
cost of digging being about 25 cents per ton. It is this ease of mining 
which, next to 1.ts chemical and. physical characteristics, gives the Con-
nellsville coke so much value as a material for coke, and bas enabled 
the latter to compete in such distant markets with other cokes and fuels. 
Mr. Fulton has pointed out that this ease of mining is also a distinguish-
ing peculiarity in the Connellsville basin. East or west from this nar-
row strip the cost of mining increases ; westward the coal hardens, east-
ward the beds become thinner. 
The coal is bituminous, with generally a dull, resinous luster, alternat· 
iug with seams of bright, shining, crystalline coal, coated with a yellow-
ish silt. It contains numerous particles of •slate and some crystals of 
pyrites; is compact, with a tendency to break up into cubes; is a very 
tender coal, and is ill-adapted for shipping. Such a coal from the mines 
of the H. 0. Frick Coke Company, at Broad Ford, is taken by the Penn-
sylvania Geological Survey as the typical coal of the Connellsville ba-





Wat,er ...... ............ . ..................... . 
Volatile matt,er . .............................. . 
Fixed carbon .....•....................••.•.... 
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Color of ash, reddish gray; coke, per cent., 68.633; sulphur left in 
coke, 0.512. 
Percentage of sulphur in coke ........ : ...... . 
Percentage of ash in coke . . .................. . 






The coke from this region is of silvery luster, cellular, with a metal-
lic ring, tenacious, comparatively free from impurities, and is capable 
of bearing a heavy burden in the furnace. Its porosity and ability to 
"stand up" in the furnace are what have given it such a reputation as 
a blast-furnace fuel, and have created such· a demand for it for mixing 
with anthracite and bituminous coal in the East and West, especially 
where an open iron, such as is used in the Bessemer process, is needed. 
Io coking the Connellsville coal the beehive oven is in universal use 
in the Connellsville region, these ovens varying at the different works 
from 11 to 12 feet in diameter and from 5 to 6 feet in height. The 
working is very simple. The coalis dumped through an opening in 
the crown of the furna:ce and spread evenly on the floor to the average 
depth of 2 feet for 48-hour coke and 2½ feet for 72-hour. The front 
opening, through which the coke is discharged, is at first nearly closed 
wjth brick luted with loam. The heat of the oven from the previous 
oking fires the charge, and as the coking progresses the air is more 
and more hut off by luting the openings and finally · closing the roof 
p ning . The average charge is 100 bushels (76 pounds each) of coal, 
and the yield in coke is from 63 per cent. to 65 per cent. · The average 
tim of coking i 48 hour , with 72 hours for that burned over Sunday; 
.A-h ur coke is sometimes made. The 72-hour coke is a firmer coke 
than i her of the others, but it i questionable whether it is a better 
furua coke. When the coke is thoroughly burned, the door is re-
m v I, and the coke i c oled by water thrown in fr0m a hose, and is 
th .n <lr wn. 
\ have given above an analy i of what i, regarded a the typical 
c; al fr m thi region, from the mine of the H. C. Frick Coke Company 
: t Broad Ford, nd al o an analysis of a coke made in the laboratory. 
mple of the coke from the e mine made in the ovens of the firm, 
an l •z d y r. 1c reath, gave the following re ults. The coke is ex-
. din"ly · h r t and compact, with a ilvery lu ter, and contain· 
1 t . 






9. 113 I 
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Mr. Platt, of the Pennsylvania Geological Survey, in his report ou 
coke, takes this as the typical ~oke, "as being thoroughly burneu and 
as well made as can be produced in the Connellsville basin." Probably 
the most thorough analyses of the coke from this region were made by 
Mr. J. Blodget Britton, of Philadelphia. The- result reached is given 
below. It is the average of a large number of analyses of all sorts of 
Connellsville coke, and cannot, therefore, be regarded as a fair analysis 
of good coke. 
Average analysis of Connellsville colce (JJritton). 
Moisture .................. , .................. . 
Ash ..... . . ....... , .... , ...................... . 
iiitstho~ic ;;ciX : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . 








Mr. E. C. Pechin gives a typical verified analysis of Connellsville 
~~~~= . 
Average analysis of Connellsville coke (Pechin). 
Volatile matter .. .••........................... 
Carbon, hydrogen, and nitrogen ........•....... 
A11h .......................................... . 
Water .............................•........... 
Sulphur ...•.•........•••....•................. 
Ash ignited : 
Silica. .......... .....• •.... .................... . 
Alumina. ...........•..•.....................•. 
i~:~~~~~.~~~~~.:::::::::::::::::::::::::::: 
















In commenting on this analysis, Mr. Pech.in, who has had considera-
ble experience with Connellsville coke, says: "A large number of analy-
ses of Connellsville coke have been made showing less carbon and more 
sulphur. As regards carbon, I have had a number of analyses made at 
different times out of different lots, showing somewhat more , carbon 
than the above." It will be noted that Mr. Pechin's analysis corre-
sponds very closely with that given above from the Pennsylvania Geo-
logical Survey, and from the best evidence I have been able to obtain 
I regard these two as fairly representing the average of good Connells-
ville coke. At the ·Edgar Thomson steel works, near Pittsburgh, a 
large amount of coke is used from the works of the H. C. Frick Coke 
Company, and frequent analyses for ash are made. The average of a 
large number of these analyses, covering the deliveries of 150,000 tons, 
extending from May 25 to November 18, 1882, gave 9.75 per cent. of ash, 
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tb range being from 9.11 to 10.91 per cent.; 9. 75 may be regarded, 
th refore, a the average a h in good Connellsville coke. 
The following are the statistics of the manufacture of coke in the Oon-
n 11 ville region proper from 1880 to 1884 : 
tatistics of the -manufacture of coke in the Connellsville region, Pennsylvania, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
Number of establishments .....•.•..•••. 67 70 72 74 76 
Ov ns built ....•.............• .. ...•••.. 7,211 8,208 9,283 10,176 10,543 
o~ens building .•. .................•••••. 731 654 592 101 200 
Coal used, short tons .................. .. 8,367,856 4,018,782 4,628,736 5,355,380 4,829,054 
2,639,002 3,043,894 3,552,402 3,192,105 ok<1 produced, short tons............... 2,205,946 
Total v"1no ooko at oven, .............. · 1 $3,948, 6'3 $4,801,573 $4,473,789 $4,049,738 $3,607,078 
Valuo coke a.t ovens per ton............. $1. 79 $1.14 $1.13 $1.63 $1. 47 
Yield of coal in coke, per oent....... . • . . 65½ 65f 65l 66½ 66.1 
Irwin-Latrobe (Pennsylvania railroad) distriot.-Following the line of 
the Pennsylvania railroad from Larimer's station to Blairsville are quite 
a number of coke ovens. To the coal used in a portion of these, that 
from the upper portion of the Connellsville trough, allusion has already 
been made. The coke i inferior to that of the same basin further south. 
bowing the character of the coal in this part of the Connellsville 
ba in, and of the coke made from it, the following analyses are given, 
which have been furnished by Mr. Benjamin Crowther, of the Isabella 
Furnace Company: 
Analyses of Coketon (Pennsylvania) coal. 
Top of Bott.om 
vein. of vein. 
Per unt. Per Cfflt. 
Bituminous matter . . . . . . . . . . . . . . . . . 25. 52 18.18 
Fixed carbon . . • . . . . . . . . . . • • • • . • . . • • 70. 91 60. 57 
Ash . . . . • . . . . . . . .. . . • . . . . • • • • • . . . • . . 8. 84 20. 08 
Sulphur . . • . . .. . . . . • . . . . . . . . . . . . . . . • • 28 1.17 
100. 00 100. 00 




Pw cent. Per cent. Per cent. 
oi tore and volatile matter ......................... ..•....••... L26 ................... ... .. 
l?ix carbon ....................... ...•......•..•.......••••••••. 86. 58 89. 15 83. 93 
b ·•••• ··•• •••••• •••••·• ·• ···••• · ••·••••••••••••·••••••••••••••• , ulphur ...........••••..•...•.••..•••.•..•..•••••.••.••••....•••. 
10. 67 9. 65 14. 0 
L49 L20 1.27 
'ilica tn 
100.00 
h .......... ... ....................... .............. . ............... 1 
100. 00 100. 00 
6.12 
o. 1 coke, from washed coal, i abou 
her i working right. A compari on 
f th nn 11 ville coal and c k from 
r a<l ·' r will ·h w th <lifferenc in th bar-
imilari y of th coke from the wa bed oal. 
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This variation in the Connellsville coal seems to have been disQovered 
at an early day in the history of coke manufacture, for the coke-making 
area is confined to that portion of the trough which lies south from 
Sewickley creek, and the works are by no means important until one 
comes near to Jacob's creek. Thence southward to near Uniontown, in 
Fayette county, the eastern outcrop of the bed is lined with coke ovens. 
There appears to be prejudice in favor of the eastern outcrop. Although 
manufacturers claim that the coal on the western outcrop is somewhat 
inferior, facts do not seem to justify this prejudice. The extensive coke 
works near Dawson, on the Youghiogheny river, are upon the extreme 
western outcrop, but the coke made there is not inferior to any made 
along the eastern outcrop from Mount Pleasant to Lemont furnace. 
West of the northern extremity of the Connellsville basin is a small 
trough known as the Greensburg, in which some coke is made. ' 
Still following the line of the Pennsylvania railroad westward, the 
Irwin basin is less than 10 miles distant from the Greensburg, and 
includes the mines of the Penn Gas-Coal Company and the Westmore-
land Coal Company, so well known for the production of coal of excel-
lent gas-making qualities. The coal from the Pittsburgh bed in this 
portion of the Irwin trough makes an excellent coke, and contains, ex-
cept in very rare cases, but little sulphur and a very low percentage of 
ash. The coal, however, is much harder than the Connellsville, and 
will bear shipping, which the Connellsville, as a rule, will not, being too 
friable. The coal of this trough also contains a large proportion of vol-
atile combustible matter, and consequently-the percentage of coke per 
ton of coal is much less than in the Connellsville region. For these two 
reasons, and to utilize what would otherwise be not only a waste prod-
uct but one very inconvenient to dispose of, but little lump coal is used 
in coking, most of the coke being made from slack. 
The largest works in this trough is that of Carnegie Brothers & Co., 
limited, who have a large number of ovens, with necessary washers, near 
Larimer station, on the Pennsylvania railroad; washed slack, chiefly 
from the mines of the Westmoreland Coal Company and the Penn Gas-
Coal Company, being used. This coke is of good quality, in some re-
spects equal to the Connellsville and lower in ash, and bas been used 
in Pittsburgh furnaces with good results. An average of three analyses 
of the Penn Gas-Coal Company's coal, made by Mr. A. S. McCreath, 
chemist of the Pennsylvania Geological Survey, is as follows: 
Analysis of coal from the Irwin-Latrobe district (Penn Gas-Coal Company). 
I 
Percent. I 
Water........................................ . 1. 427 
Volatile matter................................ 37. 980 
Fixed carbon.... . ..................... . ...... . 54. 598 
t\]'.·~~::::::::::::::::::::::::::::::::::::::: /--,.f ~ 
l· 
182 MINERAL RESOURCES. 
lrrom Messrs. Carnegie Brothers & Co. we have the following analyses 
of the slack, both wa hed and unwashed, and of the coke made from the 
same. It will be noted, on comparing the analysis of the unwashed 
slack with that of the coal above given, that the amounts of sulphur and 
a h are both very much higher in the unwashed slack than in the coal, 
while the volatile matter is somewhat lower, By washing, the slack is 
made to very nearly equal in purity and contents the unwashed coal. 




Fixed carbon . ..•.•..•.........••..........•.............. ...... ..... 
Volatile matter ...........•...•.........••............................ 
.A.sh .............. . ..........•.. ..••............ .......... ........... . 







Per cent. Per cent. 
54. 88 88. 240 
38. 13 1. 384 
6. 98 9. 414 
.96 .962 
100. 59 100. 95 100. 000 
The following are the statistics of the manufacture of coke in the 
Irwin.Latrobe district from 1880 to 1884: 
tatistics of the manufacture of coke in the Irwin·Latrobe (Pennsylvania railroad) district, 
1880 to 1884. 
1880. 1881. 
umber of establishments ................ . . · ..... . 8 10 
Ovens liuilt .... .. .... . ... ..... . .... . .. .......... . 757 986 
C?~af~ b':l,1~~o~t·~~8:::::::::::::::::::::::::::::: 
Cok producc·d, shorttons ........ . . ....... .... .. . 
Tot.'\l valn coke at ovens .. ....... .. ....... ...... . 
Valu coke at ovens per ton ..... ... . ...... .. . .. . . . 
Ti ld of coal in coke, per cent . . .. .. .. . . ...... . . . 
0 0 
319, 927 588, 924 
229, 433 343, 728 
$397, 945 $ 548, 362 
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i so dry burning that the Belgian oven is employed. This distance, say 
from Altoona to Johnstown, less than 40 miles, thus becomes one of the 
most interesting coking districts in the country. The coal varies from a 
true coking coal, making in the beehive oven an admirable blast-furnace 
coke, to a dry-burning coal that cannot be coked to advantage in the 
beehive oven, requiring the heat of the Belgian oven to coke it properly. 
In this same district could recently be studied the three typical meth-
ods of coking-in pits, in beehive ovens, and in Belgian ovens. The ex-
periments made for the Cambria Iron Company by Mr. John Fulton, 
its mining engineer, in the use of different coals and methods of cok-
ing, as well as those relating to the value of cokes, have been the most 
careful and thorough of any made in this country. They have already 
been of great value, and must be of increasing importance. 
The coal most extensively used fo! coke, as well as that making the 
best coke in the district, is bed B of the Geological Survey. Analy-
ses of this coal as it is .mined at Bennington, in Blair county, where it 
is called the Miller seam, and the coke from it, are as follows : 
Ana'flyses of coal and coke from bed B, Alleghany Mowntain district. 
Coal. Coke. 
Per cent. Per cent. 
Water·--------- -- --- -- - ------------ 1. 400 Volatile matter ___ . _____ . ___ .. __ .. _ _ 27. 225 
Fixed carbon-·--·· ___________ - · __ -·· 61. 843 87. 58 
Ash ____________ __ ____________ . ____ . 6. 930 11. 36 
Sulphur---- ---------------------·-· 2.602 1.06 
100. 000 100. 00 
The coal is semi-bituminous, has a shining luster, and contains con-
siderable pyrites. In the vicinity of Bennington the bed is about 3½ 
feet thick. All of the coke made in Blair county (beehive ove.µs being 
u e<l) is from this seam, and closely resembles the Connellsville, is sonor- ' 
ous, cellular, and tenacious, reasonably pure, and has great calorific 
vigor. 
On the western side of the summit of the Alleghanies, at Lilly's sta-
tion, in Cambria county, coal from bed E, commonly known as the 
Upper Freeport bed, is coked. An average analysis of this coal at this 
point is as follows: 
Analysis of Up~er Freepo,·t coal, Cambria county. 
Percent. 
Water·-------------------· ---------- ----·-·--· .715 Volatile matter .• ________ . _ .. ________ . ____ _ . __ . 12. 250 
~;i:~~~~:::::::::::::::::::::::::::::::::: 1t m I A, .... ······ · ······•····•··•• ·············i-~ 
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This coal bas a bright, shini~g luster, is rather friable, and contains 
uumerous thin partings of mineral charcoal and pyrites. Coke was 
made frorn this coal in open ricks until December, 1879, when some bee-
hiYe ovens were put in operation. 
The Lilly's Station mine is in the Wilmot sub-basin of the First bitumi-
nous basin. A short distance west an anticlinal rises; which separates 
tllis ub-basin from the Johnstown sub-basin, where bed Eis again used 
at the Ea.st Conemaugh ovens. This coal is reasonably pure~ is low in 
a b but high in sulphur, and makes a dense coke. It is also low in 
volatile matter. 
At Johnstown, bed E, or the Upper Freeport, the same bed as is 
coked at Lilly's station and East Conemaugh, has been coked in Bel-
gian ovens. An analysis of this coal by T. T. Morrell, chemist, is as 
follows: 
Analysis of Upper Freeport coal, East Con~augh. 
Moisture ............... . .... . ................ . 
Volatile matter .... ........................... . 
Fixed carbon ................................. . 
Asll ............. . ............................ . 
Sulphur ...................................... . 









The statistics of the manufacture of coke in the Alleghany Mountain 
and Somer et district for the years from 1880 to 1884 are as follows : 
tatistics of the manufacture of coke in the Alleghany Mountain and Somerset district, Penn-
sylvania, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
---------------s---------------
. ·umb r of establishments ....................... . 
Ov!'n built ............... ......•.................. 
8~:11u.11~t~h°o~·t-0~~:::::: ::: : :::::: :: ::: : :: :::: :: 
'ok pr due d, short tons ....................... . 
Total vt1lu coke at ovens .............. ... ....... . 
Vnlu ·oko at ovens p r ton ... ................... . 










































f th abov 
~d<litiou to th 
o en· one hundred and two were Belgian, and, jn 
giv n, ome pH were reported as used in the 
ittanniug 
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Freeport, or beds B, C, and E. The coals and cokes are quite pure, 
as the following analyses will show : 
.Analyses of Snow Shoe basin coals and cokes. 
Coal Coke. 
Snow Shoe Snow Shoe 
Coaland :BedE. Coal and :BedE. :Bed E .• Coke Com- Coke Com-
pany. pany. 
--,-
Per cent. Per cent. Per cent. Percent. Per cent. 
Fixed carbon .....•.••..•.••.....•...•••...... . 70.416 68. 937 82. 626 90. 672 89. :108 
Volatile matter .•.•.........••.......•...••... 24. 560 25. 580 2. 950 .564 .468 
Ash ................................•......•.•. 3.410 3. 590 12. 330 7. 910 9. 444 
Sulphur .....................••...........•.... . 964 . 613 1.104 .704 . 770 
Water .....................•..............•.•. . . 650 1. 280 .990 .150 .110 
100. 000 100. 000 100. 000 100. 000 100. 000 , 
The first coke of which an analysis is given was made in the open air, 
from crushed slack ; the second and third in ovens, from crushed and 
washed slack. • Some small amounts of coke have been made in pits in that part of 
Clearfield county adjoining Centre county, but for some years none has 
been made. The coke made in the northern part of the county will be 
included in the Low Grade district. 
The following are the statistics of the manufacture of coke in the Snow 
Shoe district of Pennsylvania for the years from 1880 to 1884: 
Statistics of the manuf actU1·e of coke in the Snow Shoe district, Pennsylvania, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
Number of establishments ..•.......••••.••.•••••. 1 2 1 1 1 
Ovens built .......................••.••.••••.•.•••. 0 50 50 60 60 
Ovens building .........•...•••......•.•••••.•••••• 0 0 0 0 Q 
Coal used, short tons ........•.•..•....••....•..••. 200 20,025 25,000 26,500 33,000 
Coke produced, short tons ......•••••.......•..••. 100 13,350 17,160 18,696 23,431 
Total value coke at ovens ......•.....•.....••..••. $200 $22,695 $27,406 $28,044 $32,849 
Value coke at ovens per ton .•...•.•••.•••••••••••. $2 $1. 70 $L60 $1. 50 I $1. 40 Yield of coal in coke, per cent ......••..•.••.••••.. 50 67 69 71 71 
Broad Top region.-Included in this district are all the ovens located 
in Bedford and Huntingdon counties. The Broad Top coal region is a 
detached field, showing great variations in thickness and quality of its 
coal, and presenting obstacles to mining which are quite serious to those 
accustomed to the regular coal beds of western Pennsylvania. The 
beds, however, are of great economical importance, the coal being of 
decided ex~ellence and the coke second only to Connellsville. The beds 
mined are chiefly the Kelly, or E (Upper Freeport), and the Fulton, 
or A. 
In this region there are 453coke ovens, of which 205 are Belgian or flue 
o~ens, the rest being beehive. The latter , eem best adapted to the coals 
of this <li trict, tl.Je coke made being hard, bright, and cellular. The 
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yield of coal in coke varies in actual practice from 63.3 per cent. to as 
low as 57.4. per cent. These are averages for five years. Experiment-
ally the yield would be greater than this-say 67 per cent. 
Regarding coking in this region, Mr. William Lauder, t~e manager of. 
the Kemble Coal and Iron Company, has furnished the following inter-
esting statement: "The manufacture of coke was begun in the Broad 
Top region in 1867-'68, the Kemble Coke and Iron Company having 
erected forty-eight beehive ovens in connection with their blast furnace. 
Tlrnse in 1868-'69 were supplemented by forty more, making a plant of 
eigh
1
ty-eight ovens similar in all respects to those in the Connellsville 
region. These have been in continuous operation ever since. As the 
coke was for their own use, the company desired to secure the bMt results, 
and many experiments were made to improve its quality. Without en-
tering into details, I may note some of the experiments that proved 
unsuccessful : · 
"1. Wa bing coal: A large and expensive washer, a modification of 
Berard's, was erected. This removed a large amount of dirt-fully 13 
per c~nt. of the coal washed-but the coal, while clean, produced irreg-
ular results in the ovens. The cause of this was found to be that in re-
moving the slate the richest bitumen adhered to it and was lost, and 
this depriT"ed the coal of part of its coking qualities. The amount of 
bitumen varied as the slate was greater or less in amount, and caused 
an irregular quality of coke. Afterusingthewasheranumberofyears 
it was abandoned. 
'' 2. Coking in Belgian or Gobiet ovens: B. A. Knight, president of 
the Huntingdon and Broad Top railroad, through the representations 
of th owner of the Gobiet ovens, was induced to erect three of these 
adjacent to and connected with our beehive ovens. The result of a 
areful trial wa conclu ive that this type of oven was not suitable for 
ur coal. The great yield claimed wa!-1 not borne out in furnace results. 
Th w ight of the coke eemed to justify the asserted yield of 75 per 
cent., but the greater part of the increased yield was water, and coke 
more ·imilar to a block of wood than beehive coke. An analysis of the 
·oke at that time bowed carbon 87.49 per cent., and of beehive coke 
mad at ·ame time and from ame coal, 9.13. 
" elgian oven and modification of them have been built in the re-
gi n, ut ·n no in tance b ve hey made as good coke as the beehive, 
nd th xp n · f r pair ha proved to be so great that the co t of 
makin c k i 1 in he beehive. 
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added to the first cost of the property. In the maJority of the Penn-
sylvania coal fields a far less amount would obtain the best coal in the 
region. 
'' The yield of the coal in coke runs in ~n exact test 70 per cent. A 
test made some time ago gives the following results: 
" Seventeen thousand :five hundred pounds of coal gave : 
Pounds. Per cent. 
Coke...... . . . . . . • . . . . . . . . . . . . . . . . . . . 12, 065 70. 35 
Ash................................. 745 4. 34 
Loss.......... . ..................... . . .. ...... 25. 31 
"In the above test all the products were_ carefully handled and ac-
curately weighed. This yield would not be carried out in practice. 
Our experience for several years shows our yield to be 62 per cent. ; 
that is, the weight of coke charge in the furnace was 62 per cent. of 
all the coal used in the coke ovens. This is a good yield, taking into 
consideration rehandling, ovens lost, etc. The analysis of the coke, as 
determined by Mr. Fulton, of the Cambria Iron Company, who fully 
treats of the subject in Report L of the Pennsylvania State Geological 
Survey, is as follows: 
Per cent. 
Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89. 28 
Ash ... . ...................................... ·. 9. 66 
Sulphur ......... ........ ·-···................. 1. 06 
100. 00 
"Sulphur volatilized in coking, 56 per cent. In the same report he 
gives an analysis of Connellsville, as follows : 
Per cent. 
Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87. 46 
Ash . .................. ........... ............ 11. 32 
Sulphur.............. . ... . .................... . 69 
99.47 
" Showing an increase of carbon in our coke of 18.02 per cent. In 
another table he shows the percentage of cells in Broad Top coke to 
be 41.73 per cent., and in Connellsville 38.47 per cent., an increase in 
favor of our coke of 3.26 per cent. But he shows also that the com 
pressive strength per cubic inch, in pounds, in Broad 'l1op coke, is 240, 
while in Connellsville it is 284, showing the latter to be the harder coke . 
.Practical results of Broad Top coke show that it is equal to the best 
Connellsville. It might not stand transportation and handling as well 
188 MINERAL RESOURCES. 
as the latter, but for home use it is as good a fuel as can be got in the 
State. 
'' The cost of makh1g coke depends on the situation of the ovens and 
whether the coal is owned or leased. .At the present rates of mining 
and labor I have not the least means of ascertaining accurately the cost 
of labor per ton of coke, but I infer it to be about 45 cents. To this 
mu t be added the value of the coal
2 
which varies. .At present prices 
it is impossible, except at a few mines favorably located, to deliver 
coal on the cars for less than 65 cents per long ton. To have any re-
turn for exhaustion of property and interest on investment, 10 cents 
hould be added, making the coal 75 cents. Then-
1.6 tons of coal, at 75 cents .........•.............................••.............. ... ....... $1. 20 
Coking ........•..•.................................................... -~. . . . . . . . . . . . . . . . . . 45 
1. 65 gross 
"This is at the ovens, at the mines. It is safe to say that at present 
rates of mining coke can be made profitably for $1. 75 per long ton, or 
$1.56 per short ton. 
"In the analyses given of coke it is under~tood that they are of Rid-
dlesburg coke, which, without any reflection upon other coke made in 
this region, is supposed to be the best. The coke varies in coal of the 
same seam mined in different localities. The percentage of ash as given 
by Mr. Fulton appears low. To test the subject thoroughly we have, 
within a few days past, made another analysis by taking the samples 
after dark, when it was impossible to distinguish them. Of a wheel-
barrow so taken and crushed and tested the percentage of ash was 
12.03. This is from unwashed coal. Mr. Fulton's sample was taken 
from wa bed coal, and the difference probably ariRes there." 
The tati tic of the production of coke in this region in the years 
from 1880 to 1884 are as follows : 
























105,111 147, 154 
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river in Fayette county. The coal burned is slack from the Pittsburgh 
bed, little or no lump coal or run of tlrn mine being used except at one 
of the Monongahela mines. 
As is stated elsewhere, the so-called Connellsville coking coal is with-
out doubt a portion of the Pittsburgh bed. The coal of this bed at 
Pittsburgh, however, is not as thick nor does it make as good a coke 
as the Connellsville. While the cok{, is as pure-indeed, it is freer from 
ash-its physical properties are not as good. It is too porous and not 
as strong a fuel. In addition to this the Pittsburgh coal is a harder 
coal and will stand transportation, as the Connellsville will not, and i~ 
more valuable for other purposes than for coke-making. The Pitts-
burgh coal in this district is chiefly from what is known as the lower 
division, the roof division as a rule being inferior. It is from 3 feet 6 
inches to 9 feet thick, and contains three persistent partings, usually 
thin. These divide it into four benches, known as the" upper," "bear-
ing-in," "brick," and "lower." The "upper bench" is the thick bench, 
and usually yields the best coal. The coal from the lower division of 
the Pittsburgh bed is somewhat brittle, cokiug, rich in volatile com-
bustible matter, and contains a variable percentage of sulphur. The 
amount of coke made varies not only with the demand for coke, but 
with the demand for slack for manufacturing purposes. But few of the 
mines, especially those on the Monougahela river, have coke ovens, and 
much of the slack from these is sold to the coke ovens of Pittsburgh. 
All of the ovens in this district are beehive, except eighty at a works 
in Pittsburgh, which are Belgian. 
What has been termed Monongahela River coke is that made in the 
Fourth and Sixth pools. As is noted above, considerable slack from 
the First, Second, and Third pools is coked in ovons in Pittsburgh and 
vicinity. At Cat's run, in the Sixth pool, sixty ovens were built in 1877. 
Nearly the whole product of the mine was coked in 1880 and 1881, and 
shipped to Ironton, Ohio. The coke was an excellent fuel, but contained 
small fragments of slate that injured its appearance. When washed 
the coke was quite pure. There are three other coke works in these 
pools, all using slack. The coke from the Umpire mines analyzed as 
follows: 
.Analysis of Monongahela River, Penns,11lvania ( Umpire mines), col!e. 
Fixed carbon . ................................ . 
.Ash . ......••. . ........... . .••.. . .............. 
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'Ib .·tatistics of the manufacture of coke in rile Pittsburgh district. 
are a follows for the years from 1880 t-o 1884 : 
tatilJtics o.f the manufacture of coke in the Pittsbwrgh district, Pennsylvania, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
--------------,----,--- --- - - - ---
rumb r of establishments ............ ...•........ 
Ov<'ns built . ... . ........ , .......................•.. 
Ovens building ................ . ... ..............•. 
Coal used, short tons .. . . . ....... ..... ... ......... . 
Coke produced, short tons ...... ....... . .....••••. 
Total valuo coke at ovens ............. ........... . 
Value coke at ovens per ton ........ .. .•.... . ...... 









































Washingtoncoitnty.-ln Washingtoncountythere are three coke works, 
with forty-three ovens. These are operated, as are all of those in what 
has been termed the Pittsburgh district, to utilize the slack. When the 
slack can be sold at prices that are regarded as remunerative, it is not 
coked. When it is more profitable to burn it, it is sent to the ovens. 
The coal coked is from the Pittsburgh bed. The coke is used to a lim-
ited extent, if at all, in iron making, though, considering the character 
of the coal from which it is made, it is surprisingly compact. The sta-
ti tic of the production of coke in Washington county are included in 
those of the Pittsburgh di .: trict. 
Beaver diNtrict.-The coke industry in the Beaver distr·ict, -w:hicl:t in-
clude the counties of Beaver and Lawrence, is of but little importance. 
The ov n in Beaver county are located at three small coal mines, and 
are only nine in number. The Lower Kittanning coal is coked. The 
am i 2 feet 4 inche , with a thin slate parting of 1 inch. There is 
quite a difference bAtween tbe two benches. The upper is a hard, dull, 
op n-burniug coal, and contain some pyrites, while the lower is a bright, 
oily, oft, coking coal. Much of the lower coal comes out as slack and 
i coked, producing a firm, silvery, cellular coke, which is used at the 
Beav r Fall manufactories. The analyses of the Beaver Falls coal 
and coke from the lower bench are a follows : 
Analyses of Beaver Falls (lower bench) coal and coke. 
Coal. Coke. 
Per cent. Per cent. 
Fixed carbon.................... . . . 54. 619 84. 727 
Volatile ma.tter...... . . . . . . . . . . . . . . . 38. 110 . 633 
A8h ....... - . . . • . . . . . • . . . . . . . . . . . . . . 4. 080 12. 636 
,~b~_:::::::::::::::::::: :::::::: 2:~g~ 1:~~ 
100. 000 100. 000 
r tw · ke w rk , neither of which was 
which ha e n idle the entire time 
built to utilize the lack 
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from the coal mines in the vicinity of New Castle, but difficulty was 
found in keeping the ovens supplied with slack, and they have been 
idle, as noted. The coal coked at the Wampum furnace was the Dar-
lington coal, or Upper Kittanning, the. most important and persistent 
of the Lawrence County coals of the Lower Productive series. Both 
of the coke works in Lawrence· county are much dilapidated, and would 
;equire extensive repairs before they could be again put in operation. 
The Wampum ovens are regarded as abandoned. • 
The following are the statistics of the manufacture of coke in the 
Bearnr district for the years from 1880 to 1884: 
Statistics o]'the manufacture of coke in the Beaver district, Pennsylvania, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
K nm ber of establishments ................ _ •... . ... 5 5 5 5 4 
O:rnns built . ...................... . ............. . ....... ... 106 106 106 107 89 
Ovens building ............... . .................. .. 0 0 0 0 0 
Coal used, sbol't tons ....... . ...................... 8,013 6,887 11,699 19,510 2,250 
Coko produced, short tons. .. --------------------- 4,880 4,333 7,960 12,395 ], 390 
Total value coke at ovens $10,150 $9,013 $15,124 $21,062 $2,168 
Value coke at ovens per to~::::::::::::::::::::::: $2. 08 $2.08 $1. 90 $1. 70 $1. 56 
Yield of coal in coke, per ce,nt . ..... ...... ... . ..... 61 63 68 64 62 
Alleghany Valley district.-ln this district are focluded the ovens of 
Armstrong and Butler counties and those at one works in Clarion county. 
·In Armstrong county there are three coke works, supplying coke to 
blat:1t furnaces connected with them. At Kittanning the Kittanning· 
Iron Company, limited, has sixty-six ovens, the only ones in the county, 
the coke at tbe other two works being made in open ricks on the ground. 
At Kittanning the Freeport Upper seam is coked (the coal being first 
washed), producing a fuel that answers the requirements of the furnace 
practice. This same seam is coked both at Stewardson furnace and 
Mahoning- furnace. The coking is badly done, in open-air ricks, requir~ 
ing from eight to twelve days in the op'eration, according to the state 
of tbe weather. The coke is tender, but the furnaces in which it is used 
are small, and great burden-carrying powers are not ;necessary. Analy-
ses of the coal and coke are as follows.: 
Analyses of Upper Freeport coal and coke frmn Armstrong county, Pennsylvania. 
Steward- Mahon- Kittann-
1 . al ing coke son coa. mgco . (washed). 
Per cent. Per cent. Per cent. 
l!'ixed carbon ...... ---- ..•......•.. ·· ·-·· .... ···-··.----................ 55. 545 54. 996 87. 22 
Volatilematter .................... ···---··. --·· .••... .•.. .•••... .. ..•.. 35. 520 34. 810 
A11b . . . . . • . • • . • • • • • • • . . . • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . • 6. 630 7. 690 11. 13 
~!t!1:~::: ::: ::::::: :: ::::::::::::::::::::::::::::::::: :::: :::::::::::: 1: ~g u: 1. 23 
100. 000 100. 000 99. 88 
---------~-------'----
In Butler county there are three coke worka, one of which is of little 
importanc . Each of the other two has fifty ovens. One bank of fifty 
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ovens has been iu operation since 1882. The other was built during 
1884, only beginning operations in December. But little information 
could be secured as to the coke or coal. The seam used is perhaps the 
Clarion. The coke finds a market in northwestern Pennsylvania and 
eastern Ohio, at foundries, iron works, etc. 
The most important of the coke-producing districts of the Alleghany 
valley is in Clarion county. In this county there are three coke works, 
all situated on Red Bank creek, the dividing line between this and Arm-
strong county. The oldest of these is at the Red Bank furnace, situated 
at the junction of the Alleghany river and Red Bank creek. At these 
ovens coke is made from the Freeport Upper coal, which is found in what 
is termed a 4-foot bed, but does not average that thickness. There are 
sharp local variations, the coal in some places being but 2½ feet thick. 
An analysis of the coke is as follows : 
Analysis of ooke made at Bed Bank furnace, Clarion county, Pennsylvania. 
Fixed carbon ........... ."...... . . . . . . . . . . . . . . . . 88. 360 I 
Volatile matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 106 
Aeh............................... ........... . 9. 228 
~lt!~::: :::::::: :: ::::::: ::::: ::: : : :: : : : : : : : 1: iii l 
100.000 I 
The coke is dull gray and of an open structure, with small masses of 
slate. 
Statements regarding the ovens near Fairmount City, the other two 
works in this county, will be found under the head of the Low Grade 
di trict. 
The following are the statistics of the manufacture of coke in the 
· Alleghany Valley district of Pennsylvania for the years from 1880 to 
]884: 
tati8tic, of tht manufacture of ooke in the .Alwgha11y Valley district Pennsylvania 1880 to 
1~. , ' 
---------------1--1880- l. ~1~ ~~~ -~~ 
'umb r of tabllahment& . . . . ...•...••. ••••...... 5 5 6 6 7 
w n bnilt (a).................................... 07 109 159 169 209 
C;a,: bf:h11t·i~:::~:::::::: :::::: :::::::::::: 45, 36~ 55, 67i 76, 0~ 64, 81g 55, llg 
<'ok1> 11roduced, ehnrt tons .. . . . . . • . • . . . . • • • . . .•. • . 23,470 29,050 41,897 ' 34,868 31,430 
Total value coke a ov ns. .. • . . . • . • . . • . . . . • • . . . . . . '49, 068 I $64, 064 $80, 294 ·1 $62, 982 $54, 859 
Yalu coke nt ov ns p r ton ......... ............. . $2. 10 
1 
tl.18 $1. 02 $1. 81 $1. 76 
Yi ld of coal in coke, per cent . . . . . • . • . . . . . . .. . . • . 52 53 I 55 64 I 57 
a T o eetabli. hmenta have no ov ns, burning their coko in rick&. 
ennett's branch, a it i ome-
ed Bank junction to Driftwood, 
le- rfiel<l, and Cam ron countie . long 
ix c I· work , two in Clarion county. 
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one in J eft'erson, two in Clearfield, and one in Cameron. Most of these 
works use only slack. 
The two works in Clarion ·county make coke from the Lower Freeport 
bed, the seam averaging 6 feet. The slack is mixed with considerable 
slate and fireclay, and requires careful washing. The Stutz washer is 
used. The ovens at Fairmount City were erected in 1879; those in 
Porter township in 1882. The following are analyses of the coal and 
coke from Fairmount City: 
Analyses of coal and cokefroni Fairniount City, Pennsylvania. 
Unwashed Washed Coke. slack. slack. 
Fixed carbon ...•.....•••.• : •••.••.•••• : •.•.••..•••...•....••....•.... 
Volatile matter .......•.•....•.•••• ..••••••••• ••. .•...••.•...•••••.... 
.Ash . .... .. ... ....••...••.....•.. ..•• •.••. ....•••.•••.... ..•• , ........ . 







Per cent. Per cent. 
54. 223 85. 777 
35. 825 . 623 
7. 340 11. 463 
1. 312 2.107 
1. 300 . 300 
100. 000 99. 900 100. 270 
The coke is hard, bright, silvery, of rather an open structure, with 
small masses of slate included, takes the blast easily, and has a good 
reputation for both foundry and blast.furnace use. 
In Jefferson county there is one works:, with thirty.one ovens, coking 
slack frpm the Freeport Lower bed. AnalyRes of the coal and coke are 
as follows: 
Analyses of Jefferson County, Pennsylvania, coal and coke. 
Coal. Coke. 
Per cent. Per cent. 
Fixed carbon . . . • • • • . • . . . . . • . . . . . . . . 62. 524 88. 95 
Volatile matter. . • • . . . . . . . . . . . . . . . . 30. 800 1. 42 
.Ash . . . . . . . . . . . . . . . . . •• • • • . . . • • • . . . . 4. 800 7. 95 
~~~:~.::::::::::: ::::: :::::: :::: :: 1: Iig : ~g 
100. 000 100. 000 
The coking qualities of this coai are not the best, but fair. 
In Clearfield county there are two coke works, one in the Reynolds· 
ville gas-coal basin and the other in the Third bituminous coal basin. 
At the former, slack from the Freeport Lower coal is used. The bed is 
6 feet thick, at times 8 feet, the coal analyzing as follows : 
Analysis of Clearfield County (Low Grade) coal. 
Fixed carbon . ••••••••..•.••••...••..•••....•.. 
Volatile matter ....... ....... .. ..... ........ .. . 
Ash .. ........................................ . 
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The coal is firm, bright, and bears tran~portation well. Owing to a 
thin parting of soft slate near the bottom of the seam, and which be-
come broken and mixed with the fine coal in the operation of under-
cutting, it was found desirable to wash the slack or fine coal in order 
to remove this slate, both for coking and smithing purposes, and a washer 
with two compartments was built several years ago, but in consequence 
of increased production is now too small and will soon have to be re-
placed by a larger·machine. The coke is bright, of great calorific en-
ergy, and capable of sustaining a heavy burden. Coming as it does in 
direct competition with that manufactured in the Connellsville region, 
its :finding and holding a place in market is ample proof of its excellent 
quality. 
Analysis of Clearfield County (Low Grade) coal. 
Fixed carbon ............................ ..... . 
Volatile matter ............................... . 









The coal does not swell much in coking, and forms a hard, compact 
coke, with a metallic luster. At this works the run of the mine is coked, 
all being crushed and washed. · 
There is one coke works in Cameron county, which, however, has not 
b en operated since the fall of 1883, coke production having been stopped 
at that time owing to the low price. 
The following are the statistics of the manufacture of coke in the 
Low Grade di trict of Pennsylvania for the years from 1880 to 1884 : 
tatistics of the manufacture of coke in the Low Grade district, Pennsylvania, 18!:l0 to 1884. 
1880. 1881. 1882. 1883. 1884. 
------
Number of establishment.a ......................... 3 4 5 6 7 
Ovens built·········-·· ........................... 117 125 177 229 321 
c~ii ;;~i!i: ii~::::::::::::::::::::::::: 0 2 0 0 0 45,055 99,489 87,814 76,580 159,151 28,090 44,260 44,709 87,044 78,646 
Total value coke at ovens . ........... . .......•.... ~,359 $80,785 ~0,389 $65,684 $ll8, 155 
Valu coke at ovena per ton ....................... .1.65 .1.85 •1.so $1. 77 .1.44 
Yi ld of coal in coke, per cent ..................... 62 44 51 48 49 
Blossburg district.-The Appalachian coal :field at its northern ex· 
tr mi y reak into a numb r of small, detached coal basins. The be t 
kn wn f th i the Blo urg, in Tioga county, a canoe-shaped yn-
1 20 mil long and 3 wide. From the slack coal produced 
con ider ble coke is made, there being in thi , 
4, 344 ovens built and the foundation and 
attempt , made ome year ince to coke 
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the Bloss coal were failures, and it was generally agreed that it could not 
be successfully coked. Some nine or ten years since more careful and 
skillful experiments were made, demonstrating that the slack coal, 
properly washed, would produce in the beehive oven a firm, coherent, 
ringing coke of fair character and strong enough to bear a furnace bur-
den of 60 or 80 feet. 
Coke works have been successfully operated during all the years cov-
ered by this report. Slack both from the Bloss bed (Upper Kittan-
ning) and the Seymour bed, which lies some 150 feet above the Bloss, is 
used. The Seymour bed is 3 to 3½ feet thick. The coal is semi-bitu-
minous, bright and shining, but very tender, carrying numerous thin 
partings of iron pyrites and a large amount of mineral charcoal. The 
Bloss coal is freer from sulphur than the Sey,mour. It is very tender 
and easily broken into irregular, cubical pieces. It is in three benches. 
The middle bench sticks to the bone coal beneath so closely "that it 
is necessary to allow the miner to send the latter out, and it is taken out 
and cleaned at the shutes. This is done on screens over which the coal 
passes, and more or less of this bone is broken up in the operation and 
falls in among the fine coal. It is from the fine coal that coke is now 
being made. This will explain why the coke from No. 2 drift, or Bloss 
vein, shows so much impurity in the form of small pieces of slate and 
bone. This is now taken out by washing." The following are analyses 
of the Bloss and Seymour coals and cokes from different mines in various 
parts · of the field: 
Analyses of Bloss and Seymour, Pennsylvania, coals. 
Fixed carbon •••••••••••••••••••.••.•••. 
V 
As 
olatile matter ••••••••••••••••••••••••. 























Lower Run of 
bench. mine. 
Per cent. Per cent. 
63.428 71. 847 
18. 790 20. 240 
16. 070 6.105 
._602 .548 
1.110 2.260 
100. 000 100. 000 
.Analyses of Bloss and Seymour, Pennsylvania, cokes. 
Bloss. 
No.1. I No.2. I No.3. No.4. No.5. 
Per cent. I Per cent. Per cent. 
--------
Fixed carbon . . . .....•.• ... ... 
Percent. Percent. 
83. 371 83. 922 83. 579 80. 927 85. 073 
Volatile matter . ... .. . . • ..•. . . 845 
. 572 1 . 550 1. 732 . 838 Ash .. ... . ......... ····- --- -- 14. 550 14. 587 15.105 16. 427 13. 288 
~;~!~::: :::::: :: :::::: :::: :: . 644 . 679 . 681! . 764 . 779 . 590 . 240 . 080 1.150 . 022 --- "wo." ooo I 100. 000 -------100. 000 100. 000 100. 000 
Seymour. 
7 
Per cent. Per cent. 
69. 655 71.574 
21. 474 21. 586 
7.065 4. 753 
. 8i2 . 907 
. 911 1.180 





84. 760 90. 650 
. 722 . 625 
13. 345 7. 655 
. 998 . 850 
.175 . 220 
100. 000 1· 100. 000 
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The coke is made chiefly to utilize the slack. This accouuts for the 
much larger percentage of ash in the coke than in the coal. The fol-
lowing are the statistics of the manufacture of coke in the Blossburg 
di trict for the years from 1880 to 1884 : 
tatistics of the 'manufact1we of coke in the Blossburg district, Pennsylvania, 1880 to 188( 
. 
1880. 1881. 1882. 1883. 1884. 
-------------·1----1------------
Nurnbn of establishments.--- -- ---- .. ·--·- .... -- · 
Ovens built .................. ... -.......... - . .. . . 
8;:f!sb~~~I~o~t-t~~~- ::: : : :: : : : : :::::: ::: ~ ~~ :: : : :. 
Coke produced, short tons .. -.... --· __ ........ ··-· 
Total val11e coke at ovens ____ ....... -· ........... . 
Vaine coke at ovens per ton----····-·-····-····- · 









































Total coke production in Pennsylvania.-Oonsolidating the statistics 
of the different districts of Pennsylvania given above, the following 
are the statistics of the production of coke in Pennsylvania from 1880 
to 1884: 
Statistics of the rnamtfacture of coke in Pennsylvania, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
-
Numb r of establishments .... __ .. __ .. __ . 124 132 137 140 145 
o,· •ns built ---·. ···- -· ·- -- ·- .. ·- -.. --- - . 2,501 10,881 12,424 13,610 14,285 
Ovc11 builcliug . __ .... ___ .. .. ... _. __ .. .. . 836 761 642 211 232 
Coal u d, short tons.··- ... _______ ... __ . 4,347,558 5,393,503 6,149,179 6,823,275 6,204,604 
Coku procluc d, short tons ... _ .... _ ...... 2,821,384 3,437,708 3,945,034 4,438,464 3, 82 !, 128 Total val no coke at ovens . ______ . ___ . __ . $5,255,042 $5,898,579 $6,133,698 $5,410,387 $4,783,280 
Value coke at ovens p rton ·-· -··· · ----· $1. 86 $1. 70 $1. !15 $1. 22 $1. 25 
Yi ld of coal in coke, per cent . __ ._. _ .... 65 64 64 65 62 
TENNESSEE, 
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den's ridge, taking them in order northeast from Chattanooga, are the 
ovens of Hamilton, Rhea, Roane, and Anderson counties; and north-
westward from Anderson. almost on the extreme western outcrop of 
the coal, those of Scott c~unty. Returning to the southern line of 'the 
State, in the western arm are the mines of Grundy county, and south of 
Chattanooga, on an extension of Walden's ridge known as Raccoon 
mountain, are the Etna mines of Marion county. North of these, and 
north of the Tennessee river, are the Victoria mines, at Sout.h Pittsburgh, 
in the same county. 
At present the most important coke-producing district in the west-
ern division is at Tracy City, Grundy county> on the Little Sequatchie. 
The coal mined is that known as the Sewanee. This bed is in what are 
termed by Professor Killebrew the Upper Measures, and by Professor 
Colton the Middle Measures, and is supposed by Professor Killebrew 
to correspond with bed B (the Millei:: of the Lower Prodnctive Meas-
ures) of the Pennsylvania Geological Survey, which at Bennington, in the 
Alleghany Mountain region, makes such excellent coke. The Sewanee 
bed is to Tennessee what the Pittsburgh is to Pennsylvania and the 
Pratt to Alabama. It will average 4½ feet in thickness, its largest de· 
velopment being 10 feet 4 inches, its smallest 2 feet, and varies in its 
characteristics and constituents in different localities. As mined at 
Tracy City, the coal is semi.bituminous, conchoidal in fractu;re, reason-
ably low in ash, and almost wanting in sulphur. It is a very weak 
coal, having the same tendency to disintegrate upon exposure to the 
air that is so noticeable in Connellsville coal. At the ovens in Tracy 
City the coke is made in part from slack, which accounts for the much 
larger percentage of ash in the coke than in the coal. 
Analyses of the Sewanee coal and coke are as follows : 
Analyses of the Sewanee, Tennessee, coal. 
No.1. (a) No. 2. (b) No. 3. (c) 
Per cent. Per cent. Per cent. 
Water .. .................................................................. ........... ...... 1. 6 
Volatilema.tter .......................•................................ 29.9 29.0 29.3 
Fixed carbon . . . . . . . • • . . . . . . . . . . . . . . . . ... . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 68. 5 65. 5 61. o 
.Ash.................................................................. . . 6. 6 5. 5 7. 8 
Sulphur....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . Trace. . . . . . . . . . . Trace. 
11A.nalyst, H. T. Yaran. b .Analyst, F. Zwicke. 
Analysis of Sewanee, Tennessee, coke. 




Fixed carbon ......... ... . . ................... . 
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At the Tracy City work of the Tennessee Coal, Iron and Railroad 
Company there were, at the close of 1884, 404 ornns built, with 175 more 
building. The coke i · a fair furnace fuel and is in good demand at the 
blast furnaces of the State. Coke was first made here in 1868. In that 
year 107 tons were made. In 1873 but 1,243 tons were produced; in 
1 4, 100,935 ton . A washer was erected at these works, but the results 
obtained were not satisfactory, and it is not now used. 
outb of the Tennessee river, near the Alabama line, in Marion 
county, on an extension of Walden's ridge known as Raccoon mountain, 
are the Etna mines, the coke from which has a most enviable reputation 
for foundry purposes. The coke is made from the coal of what is known 
as the Kelly vein. The Kelly seam is frequently regarded as the equiv-
alent of the Sewanee at Tracy City, and Prof. J.B. Killebrew, the 
commissioner of mines of Tennessee, shares in this opinion. It is as-
erted, however, by the Etna Coal Company, which mines the Kelly coal, 
that in appearance and general° characteristics these two coals are as 
different as two coals of the same formation can well be, and samples 
of both seem to bear out this claim. In Professor Safford's Geology of 
Tennes ee (pages 369-382) the difference between the two measures can 
be readily distjnguished. Professor Colton has recentlJr abandoned his 
belief in the identity of the two seams. The impression as to the iuen-
tity of these two coals probably arises from the fact that both lie in the 
upper plateau of their respective regions. The Etna Coal Company 
laim , however, that the "Kelly," the '' Oak Hill," and the "Slate" 
, in do not appear at any other point in this region. At Tracy City 
only eight vein are bown, while the Etna Coal Company claims 
el ven at its mine . A section of the Kelly mines shows two Conglom-
rate , while at the Sewanee mines there is only one. 
The entire product of the Etna ovens is sold for foundry use, for 
which urpo e it find ar ady market throughout the South. Iti guar-
anteed to melt to 1, and frequently melts 10 to l. The only test ma<le 
with it for bla -furnac u e wa in 1875. The Ri ing Fawn furnace blew 
in with it and ran four day on it before charging other coke. The 
r rd for tbi tim wa a fraction less than 64 bushels to a ton of iron, 
and th third day th ntire product wa No. 1 foundry. 
The following are anal e of the coal and coke: 
Analyses of Etna (Kelly), Tennessee, coal and coke. 
,, 
Coal. I Coke. 
Per cent. Per cent. 
Fixed carbon .. . ...... ............. . 74. 20 94. 56 
i~~m;::::):::::::::::::i ·~u :::::·:~: 
10o.00too:oo 
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The other works in Mari.on county is at Victoria, near South Pitts-
burgh. The seam resembles the Sewanee, but the coal requires wash-
ing. 
Returning to Chattanooga, to the eastern or Walden's Ridge division, 
aud going northwest, the coke works in Hamilton county, in which 
county Chattanooga is located, are those of the Soddy Coal Company, 
the Walden's Ridge Coal Company, and the Daisy Coal Company. .At 
the latter, coke has been made in pits to a limited extent as an experi-
ment, but with such good results that the company contemplates build-
ing 100 ovens. The coal analyzed 76 per cent. fixed carbon, 18 per cent. 
volatile matter, 4 per cent. ash, and ~percent. moisture, with 0.9 per 
cent. of sulphur. Coke has been made at the Soddy mines since 1880, 
from a vein which Professor Killebrew says has all the appearance of 
the main Sewanee. The coke is reported to be excellent. 
In Rhea county, the next north of Hamilton, there are two coke works, 
one at Spring City, where no coking has been done since June, 1883, and 
but little prior to that, the enterprise proving unprofitable, and the 
other the works of the Dayton Coal and Iron Company, limited, an En-
glish company, with Sir Titus Salt at its head. This company is erect-
ing two large coke furnaces at Dayton, one of which will be ready for 
blowing in July, 1885, and will make the coke for these at their ovens. 
Northeast of Rhea county is Roane county, where coke has been 
made for a number of years for use at two of its fnr11aces, the Rockwood 
and Oakdale. The coal used at Rockwood by the Roane Iron Company 
appears to be of the Sewanee seam. The average thickness of the vein 
is 5 feet. The coal is easily mined and makes a hard and valuable 
but somewhat dense coke. Nearly the entire output of the mines is 
coked and used in the blast furnaces of the Roane Iron Company. 
Analyses of the coke and coal are as follows : 
.Analyses of Rookwood, Tennessee, coal and coke. 
CoaL · Coke. 
Per unt. Per cent. 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . 63. 74 Si. 187 
Volatile matt.er. . . . . . . . . . . . . . . . . . . . . 26. 62 ......... . 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 82 14. 141 
t~&::a·::::::::::::::::::::::::::: 1:: ..... ·.~~. 
100. 00 98. 510 
The coke is taken hot, in bogies, directly to the blast furnace. 
The Oakdale furnace ovens, in the same county, Roane, were erected 
in 1873, the furnace making iron with raw coal and a little coke. The 
enterpri e was a failure. In 1879 additional ovens were erected, and 
coke made until about .April, 1883, when the furnace again blew out, 
ince which no coke bas been made. The coke is made from "Poplar 
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Creek coal," and is bright, clean looking, not as bard or as strong as 
Connellsville, and higher in sulphur, analyzing as follows: 
Analysis of Oakdale, Tennessee, coke. 
Fixed carbon ..........................••...... 
Volatile matter ..... .. ... ..................... . 
Ash .. . ................. .. ................... . 








Another analysis shows but 5.94 per cent. of ash. 
The company proposes resuming the manufacture of coke for the 
general market. 
In Anderson couuty the Coal Creek coal is coked at a small works 
with four ovens. This is one of the largest coal-producing districts in 
Tennessee, and the coal makes a good coke, but little coke has as yet 
been made. The seam is about 5 feet workable coal. An analysis of 
the Coal Creek coal is as follows: 
.Analysis of Coal Creek, Tennessee, coal. 
Fixed carbon .................. .. ..... .. . ..... . 
Volatile matter .... ....... . ....... . ........... . 
Ash ....................... ... ............... . . 








In Scott conn t.y there are two coke works. The Glen Mary Coal and 
Coke Company, at Glen Mary, mines a very clean coal, and makes both 
furnace and foundry coke. The seam i from 3~ to 4 feet thick. The 
following are analy e of the Glen Mary coal and coke: 
Analyses of Glen Mary, Tennessee, coal and coke. 
Coal. I Coke. , ___________ , __ _ 
Per cent. Per cent. 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . . 61. 00 90. 20 
Volatile matter..................... 81. 53 
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 14 9. 40 
~=e:::::::::::::::::::::::::::: .ss1 ......... . 
Phosphol'tl8. . . . . . . . .. . . . . . . . . . . . . • . . 
1
: ti ...... .' 40. 
!is. 071 1 00. 00 
a very int r ting tatement concerning coke in Tennessee, con . 
in h · rep r coal, fr. enry E. Colton ays: " There is great 
f im r v m t i the manufactur of coke in Tenne ee. The 
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largest establishment in the State is that of the Tennessee Coal, Iron and 
Railroad Company, at Tracy City, and the coal there used is the coking 
coal from which the largest supply for furnaces must be deriveq.. It is 
identical in geological position with the coal next to Connellsville, the 
most largely used in Pennsylvania. In Mr. Fulton's paper it is shown 
that Bennington coal, in pits, gave 1 ton of coke to 1.67 of coal; that at 
Connellsville, 1.60 ton of coal make 1 ton of coke; and at Broad Top, 
1.58 ton of coal make 1 ton of coke; while under the head of Tracy 
City mines it is seen that the superintendent states that he is only able 
to get 105 bushels of coke from 100 bushels of coal, equivalent to 1.90 
ton of coal to a ton of coke. Mr. Williams, of the Soddy Coal Company, 
states that thefr yield is not over 110 bushels of coke to 100 of coal. 
Nor is i t probable that much better results are reached at any other 
coke works. 
'· There is probably no doubt that the best coke yet made in the State 
was made from the Poplar Creek coal; this coal, however, yields only 
about 60 per cent. of coke, but it contains a minimum amount of ash. 
The highest range of ash in the coke from this coal is 5 per cent., while 
Connellsville has 9 to 11, Bennington 11, Blossburg 13, Sewanee 15, 
Pratt 11, Rockwood 14. Immediately in the neighborhood of the Poplar 
Creek coal, and also accessible to it by many miles of railroad, is the 
Sewanee seam, in the pitched strata of Walden's ridge; which by Pro-
fessor Wormley'::; analysis has 63.1 per cent. of carbon, 27.7 per cent. of 
volatile matter, and 7.7 per cent. of ash. There can be no doubt that a 
mixture of these coals would make a coke coming at least very near to 
the perfect standard, and it is a valuable feature of the northeastern 
coal field that they are in such close proximity. The richness of one in 
the inflammable volatile matter supplies the heating power, which with 
the other alone might cause the loss of a part of its solid carbon. 
' During the latter part of the year 18 2 four ovens were erected at 
Coal creek to test the value of the coal of the seam there worked for 
coke making, and a considerable quantity of coke has been made, chiefly 
from slack; but the experiments cannot be said by any means to have 
been a perfect test. The coke has been used in Knoxville, mixed with 
Connellsville and also with Etna, and the founders speak well of it. 
There is no reason why it houl<l not make at least as good coke as is 
made at Larimer station, on the Pennsylvania railroad, from the washed 
lack of the Penn ylvania gas coal, large quantities of which are used 
in the furnaces at the Bessemer-steel works of Carnegie Brothers & Co. 
The table of analy e hows the great t'esemblance of these coals. The 
unwashed lack of that coal contains 11.60 per cent. of ash and 1.26 per 
cent. of ·ulphur, the washed slack only 6.98 per cent. of ash and 0.96 
J r cent. of ulphur. • 
' In 1870 there were two establi hments in the State making coke in 
ov n and the two had about thirty ovens. The e were the Rockwoo(l 
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and Etna mine·. Coke bad been made in Tracy City, but up to that 
date only in pits ou the ground. 
The great problem to be solved in the southern iron making is the 
pr duction of cheap coke. It is not probable that we can ever compete 
in co t with Connellsvil1e, where the mining of the coal costs only 1 
cent per bushel; but, taking into consideration the higher charges for 
railroad transportation which the makers there have to pay, it may be 
po ible to place our coke in a central market like Chattanooga at as 
low a rate as Connellsville is placed in Pittsburgh. It is evident, how-
e,er, that such cheap coke must come from a :field not now at all or but 
little developed, and there can be no doubt that the regular seams of 
the Upper l\'Ieasures of Poplar creek, of the upper Crooked Fork, of 
Coal creek, and that vicinity offer greater probabilities for having coal 
mined at low rates than any other part of the State. If these coals can 
be mined at 1¼ cent per bushel, in them will be found the solution of 
the cheap-coke problem, and at the same time the standard of quality 
will be reached. 
"Mr. Scott, of Oakdale, says that in a series of experiments 100 bush-
els of the Poplar Creek coal made from 120 to 125 bushels of coke; that 
i , 8,000 pounds of coal made from 4,800 to 5,000 pounds of coke; and in 
a carefully measured month's run of the furnace, with a poor hot blast, 
an average of 37 tons per day was made, with 75 bushels to the ton. 
~Iaj . E. Doud, undoubtedly one of the most careful as well as successful 
furnace men, ays that the Poplar Creek coal has no superior anywhere, 
and that that r giou must eventually be the Connellsville of the South." 
The tati tic of the manufacture of coke in Tennessee for the years 
1 0 to 1 84 are a follow : 
StatiBtics of the manufacture of coke in Tennessee, 1880 to 1884. 
1880. 1881. 1882. 1883. 
------------ - -------->----l 
.. "'umb rof stablishmenta .................. .... . . 
0v D built .... ............... . ...... .. ......... . 
g~r~ bti~~t-t~~~ :::::::~:::: ·.::: ::::::::::.::: 
f'ok produced, hort tone . . . . .............. .... . 
Total value coke at ovens ..... .................... . 
VaJn coke at ovens per ton ....... .... .. . ... ..... . 









6 8 11 
724 861 992 
84 14 10 
241,644 818,537 330,961 
148, 8!>3 187, 695 203, 691 
$842, 585 $472, 505 $459, 126 
60 60 62 
$2. 88 1 $2. 52 1 $2. 251 
a One works made coke in pita. 











a commercial cale 
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been produced since 1882. The yield of coal in colre was very low, only 
ome 50 per cent., requiring 2 tons of coal to make 1 ton of coke. It 
seems to have been high in ash, and its calorific power inferior. Its 
cost, also, laid down at points of consumption within the Territory, was 
in excess of the price at which cokes from Colorado of a somewhat bet-
ter quality could be furnished. It is stated that the coke produced at 
the coke ovens of the Pacific Coal and Coke Company, limited, above 
referred to, was somewhat heavier than Connellsville. Its value is given 
as $10 a ton at the ovens. All the coke made commercially in Utah 
bas been manufactured in this locality. The statistics given below, 
therefore, are for the San Pete valley. 
No analyses either of the coal or cokes of the San Pete valley have 
been procured from the companies working the coals, but the following 
analysis is taken from another source: 
AnalyBis of San Pete coal. 
Percent. 
Water......................................... 2. 05 
Volatile matter................................ 81. 07 
Fixed carbon..... . ............................ 49. 85 
Ash ..... .. ______ .......•.........•.•.......... 17. 02 
99. 99 
A coke made from a coal analyzing as above, and yielding but 50 
per cent. in the ovens, would be so high in ash as to have apparently 
but little value as a fuel for smelting purposes. It would also seem 
from other statements that the coal carries in the line of fracture 
scales of sulphate of lime, which would indicate a considerable percent-
age of sulphur not shown in the above analysis. Another analysis of 
the coal from this valley gives but 13.3 per cent. of ash, but even this 
percentage of ash would indicate a coke too high in ash to be of great 
value as a fuel. 
Coke has also been made in Pleasant valley, a great coal field 1;9ing 
east of the San Pete valley, and it is believed that selected coals of the 
great coal field in Castle valley, adjoining Pleasant valley on the south, 
will make coke. Mr. J. Blodget Britton, of the Iron Masters' Labora-
tory of Philadelphia, gives the following analyses of the coals and cokes 
from Castle valley : 
Analyses of coal and cokefror,i Castle valley, Utah. 
Coal. Coke . . 
Per cent. Per cent. 
Volatile matter..................... 40. 61 2. 70 
Fixed carbon . . . . . . . . . . . . . . . . . . . . . . 48. 21 94. 05 
Ash .••• - . • • . • . . • . . . . . . . . . . . . . . . . . . . 1. 88 8. 25 
90. 70 100. 00 
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The ta tis tics of the manufacture of coke in U tab for the years 1880 to 
1 4 are as follows: 
Statistics of the manujacture of coke in Utah, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
Number of establishments ..........••..... . •••••• 1 1 1 1 1 
Ovens built (all Coppee) ......................... . 20 20 20 20 20 
Ovens building ..... . ...... . ......... .•• •.......... 0 0 0 0 0 
Coal used in ovens, short tons . ........... . ........ 2,000 0 500 0 0 
Coke produced, short tons ................... . .... 1,000 0 250 0 0 
Total value of coke at ovens ....... . .... . .......... $10,000 0 $2,500 0 0 
Value of coke at ovens per ton ............. . ...... $10 0 $10 0 0 
Yield of coal in coke, per cent ....... . ..... . ...... 50 0 50 0 0 
VIRGINIA. 
The only coke made in Virginia during the years cpvered by this re-
port was made at Pocahontas, from the well-known Flat Top coal, by 
the Southwe t Virginia Improvement Company. Coking bega,n here 
in tbe ummer of 1883, with a plant of 200 ovens. Prior to this enter-
pri all attempts to manufacture coke in Virginia had been on a small 
ale, and the re ults were not at all satisfactory. These attempts were 
made with the coal from the Richmond coal :field, which does not appear 
to be well adapted to the manufacture of coke. It was not until the 
openino- of the great Flat Top coal field that a coal suitable for coking 
wa · available in Virginia. 
The Flat Top coal beds belong to the lowest member of the Coal 
Mea ure , and are the quivalent of the Seral or Pottsville Conglomerate 
f Penn ylvania. In Profes or Fontaine' examination of the measures 
of the lower New river, in We t Virginia, they were named the Quinni-
mont group. Thi group attains it maximum thickness in the vicinity 
of th 1 lat Top ar a. Ea. t, we t, and outh and northeast they are 
itb r val l r uch inf rior. It is only to the north we ·t, on the 
'\; riv r, that the beds, though thinner, retain any value, the coal still 
r ruainin ux 11 nt jn quality. The Coal Mea ures seem to be nearly 
horiz ntal, th ri b in n more than is needed for drainage. 
rhe coal from which k wa ma l i known a the Nelson or Poca-
honta , ha ing three am of coal, with two slate parting . The 
t tal hi kn of coal i 1 feet inche , in a total thickness of the bed 
of L f t 7 inche . t pre ent the large 6-foot bench only is mined, 
leaving the up1 r 4 fi et inche of coal in the roof and the I-foot bench 
in the :fl or, with the xpectation of winning them both hereafter·. 
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An analysis of a sample of the run of the mine from Mine No. 1, by 
Professor McCreath, is as follows : 
Analysis of Flat Top, Pocahontas, Virginia, coal. 
Water ......... .. .......... ..................•. 
Volatile matter. . . . . . . . . . . ...•................ 
.Fixed carbon ...................•.............. 
Sulphur ...... . ............................... . 








Samples of the lump coal would show a better analysis than this. A 
determination by Professor Chandler showed but 1.38 per cent. ash. 
No analysis of the coke bas been secured. It is stated to . be hard, 
bright, of an open cellular structure and great strength. The furnace 
of the Crozer Iron and Steel Company bas used it exclusively since 
the first two months of its blast. The manager reports that he finds it 
equal to the Connellsville coke, and that he bas no difficulty in carrying 
2 pounds of ore per 1 pound of coke. 
The coke is winning favor all through the South, both as a furnace 
and foundry coke competing with the Connellsville. It is used at most 
of the important foundries of Tennessee, Georgia, and Alabama, with-
out the least complaint as to its melting power. As compared with 
Connellsville coke, Pocahontas coke probably contains less sulphur and 
perhaps a trifle less ash. In cellular structure the difference is slight, 
the Pocahontas being a little more dense. In size the Connellsville has 
the advantage. It draws in large pieces, and, being together, stands 
handling somewhat better. This is due to the much higher percentage 
of oil iu Connellsville coal. While Pocahontas is strong enough for all 
furnace burdens, yet, as compared with Connellsville, there is a shade 
higher percentage of loss in handling, on account of its brittleness. On 
this account it is not to be expected that Pocahontas will ever be on the 
ame footing as Connellsville for shipment to distant points, freights 
being equal. 
The statistics of the manufacture of coke in Virginia for the years 
from 1880 to 1884 are as follows : 
Statistics of the manuf aotwre of coke in Virginia, 1880 to 1884. 
Number of eata.bllshments ..••...••.•.•••••••••.•••.•••••••.••. 
Ovens built ........•....•....•••••••••••..••••.••••••••••••.••. 
to:i1~s~d~~~ to~;:::::::::::::::::::::::::::::::::::::::::: 
Coke produced, short tions ...••••••••••••.•••.•••..••..••..•.. 
Total value of coke at ovens .......••••.•••.••••••.••••••••••• 
Value coke at ovens per ron ..•...•.•••.••• .• ••.•••••••••..••• . 
Yield of coal in coke, per cent .. ..•••••••.••••••••••.••••.••.. 
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WASHINGTON. 
The Tacoma Coal Company is making at its mine at Wilkeson, Pierce 
county, what is probably the only coke made _on the Pacific coast. Mr. 
W. H. Fife, the vice-president of the company, states that at this mine 
there are everal good veins of coal, the one from which the coking coal 
i. procured being 8 feet thick. The coke is made in pits 4 feet high, 
inclosed on the side and ends with stone walls. The coal yields 57 per 
cent. of coke. The coke finds a market at the foundries in the vicinity 
of the works, and at Portland, Oregon. Some 400 tons have been made, 
which is valued at $4.50 to $5 a ton at the ovens. Mr. Fife sent sam-
ples of this coke to the Iron Age, which reports upon it as follows: '' It 
seems to be a very fair quality of coke, more resembling English than 
Penn ylvania. Whether from inherent weakness or from the shocks 
it ha received in tran continental transportation in · a paper box, it 
eems to be rather brittle, and we should scarcely expect it to bold up 
much of a burden in a furnace. We should also judge from its appear-
ance that the percentage of ash runs somewhat higher than one would 
expect to find in strictly :first-class coke. It is, however, unquestion-
bly a practical fuel." 
This coal :field lies some 25 miles east of Tacoma, which is the ship-
ping point, and extends for many miles north and south, with a width 
of ome 12 miles. From three mines near Tacoma the coal analyzed 
a, follows: 
.Analyses of Tac01na, Washington, coals. 
No.1. No. 2. No. 3. 
f,~:!li:::.ti~~:_: :_:_:_:_:_:_:_:_:_:_:_: :_:_:_:_:_:_:_:_:_::::: ::: ::: : ::::: :::::: :::: :::: :: p.,. if i p.,. :rt p.,.1:'i 
eh . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 5. s ~'. g ~~: i 
96. 0 100. 0 100. 0 
Th mine can be worked by drift above water level. The thickness 
f the veins i given a from 5 to 15 feet. 
The following tati tics from thi works, the only one fa the Terri-
t ry, are for 1884, the only year in which coke has been made: 
tati8tics of the production of ooke in Washington in 1884. 
700 
· ··························· ··································· ······ 400 
$], 900 
$4. 75 
. ...... . ..... ........................ ..... .. .... ............. .••. 57i 
MANUFACTURE OF COKE. 207 
WEST VIRGINIA. (a) 
The localities in which coke is made in West Virginia may for con-
venience be divided into three districts-the Kanawha, the New River, 
and the Northern. The :first two are compact and continuous, and group-
ings that. naturally suggest themselves; the third includes the ovens of 
Preston, Taylor, Harrison, and Marion counties, and those at Wheeling, 
in Ohio county. 
The :field of coking coals on the Kanawha river, and especially that 
part of it worked on its branch, the New river, including the coal of the 
Flat Top region, is one of the most important and valuable of the Appa-
lachian basin. The coke made from these coals is a most excellent fuel, 
and though it has not as Jet and may not obtain as wide a market as 
the Connellsville, it will not be because of its inferiority. It contains, 
as a ru1e, less ash, and is nearly if not quite as strong and vigorous as a 
furnace fuel. As a rule, the veins of the New river are not as thick nor 
as uniform in their thickness as those of Connellsville, nor as well lo-
cated for economy of handling between the mine and ovens. It is, how-
ever, one of the two most important areas of first-class coking coal of 
the country. 
The Kanawha district.-The careful examination and study of Prof. I. 
C. White, of the United States Geological Survey, of the coal :fields of 
the Great Kanawha valley, during the summer of 1884, are of the utmost 
importance, both economically and scientifically. A summary of this re-
port has been published in The Virginias for January, 1885. From this 
report it appears that all the coal coked in the Kanawha and New River 
districts of"'\Vest Virginia is from the Lower Coal Measures, No. XIII. 
of Rogers's survey, and from the Pottsville Conglomerate, No. XII. of 
Rogers's classification. The correlation of the Kanawha coals No. XIII. 
with those of Pennsylvania is given by Professor White as follows: 
PenmyZvania, coala. Kanawha (No. XIIL) coala. 
1. Upper Freeport. 
2. Lower Freeport. 
3. Upper Kittanning. 
4. Middle Kittanning. 
5. Lower Kittanning. 
6. Clarion. 
1. Lower Coalburgh. 
2. Coalburgh. 
3. Winifrede. 
4. Cedar Grove. 
5. Campbell Creek. 
6. Eagle. 
Of these coals only the two lower numbers, 5 and 6, are made into coke 
in Virginia, though considerable coke is produced from Nos. 1 and 3 in 
Pennsylvania, and some from the others. Using the Pennsylvania no-
menclature, the Lower Kittanning (Campbell Creek) is coked at An-
sted, the so-called" 11-foot" bed mined and coked by the Hawk's Nest 
Coal Company, limited, being thiN coal. The Clarion (Eagle) bas been 
extensively developed at Eagle mines, and bas proved a superior coking 
coal. The coal coked at Saint Clair works, near the Eagle, is from the 
a See also pages 90 to 98, and 143. 
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ame seam. A short djstance from these works, the Great Kanawha Ool-
li ry Company was building fifteen ovens at the close of 1884, beginning 
coking in January, 1885. Further down the river, at Coal valley, some 
oY-ens ha,ve been built, but the coal required washing to make a coke 
for furnace use, and no coke has been made recently. On Davis creek, 
till lower down, the Black Band Iron and Coal Company has made 
ome coke in mounds for use in its furnace. The furnace was blown 
out in J anuary, 1883, since which none has been made. The seam 
worked at the latter place is said to be _the Pittsburgh, but of this there 
i ome doubt . The coal yielded 62 per cent. of coke, with 4.98 per cent. 
of ash. 
Regarding the coal in the Kanawha field, Professor White's conclu-
ions have already been quoted on page 91 et. seq. of this report. The 
following analyses of the coals of this district and t he coke made from 
them are from various sources : 
Analyses of coals and cokes of the Kanawha district, West Virginia. 
Coal. Coke. 
Hawk's I Coal Val- I Coal Val-I I · 
:Nest,An- 1 ley (up- ley (low- Davis GreatKa-
1 
Davis 
j sted. perpart). erpart). Cret:k. nawha. Creek. 
---------.:I-P-e-r--c-en-t. Per ce:: Per cent. Per cent. Per cent, I Per c:~ 
Fixed carbon . .. . .. ... . •• . . .• . . . . . • . . . . . 65. 90 57. 20 61. 60 57. 48 89. 920 03. 88 
Volatile matter . . . . . . . . . • . • • . . . . . . . . . . . . 32. 61 38. 32 35. 20 88. 58 1. 899 I 1. 14 
Wat r .................. -··· .. ......... 1. 4C .18 1. 82 2. 24 076 ..•......• 
100. 00 I 
A.ah . •••••. •• • • • . •• •• • •• • • • . • •• • • . •.• • . • 2. 15 __ 4.__:~  __ 1~ 8. 6os I_~ 
100. 00 99. 99 100. 00 100. 000 100. 00 
ulphur .. . . •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 . .. . . . . . . . . 65 . 45 ,-~,-- . l~ 
In luding in th Kanawha di trict all the ovens from Ansted down 
th riv r, all drawing th ir coal from No. XIII., the following are the 
tati 'ti .' of the pro uction of c ke in the Kanawha district for the 
t J 4: 
• tatistics of the 111.anu,facture of coke in the Kanawha district, West Virginia, 1880 to 1884. 
1880. 1881. I 1882. 1883. 1884. 
---------------
4 4 5 5 6 
18 18 al38 147 177 
0 0 0 0 15 
6,789 11,516 40,782 58, 735 60,2 1 
4,800 6,900 26,170 37,970 39,000 
,9, 890 $16, 905 1 $62,808 $88,090 $76,070 ,2. ao $2.45 $2. 40 ,2. 82 ,1. 95 
63¼ 60 64 64f Mt 
bnlance beehive. 
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The coke finds its chief market at the blast furnaces along the line 
of the Ohesapeake and Ohio railroad and its branches, but some is sent 
to Chicago and other western markets. The Hawk's Nest ovens, at An-
sted, were erected to supply the Victoria furnace, in Virginia, with coke. 
These ovens are the only ones in West Virginia not of the beehive pat-
tern. They are Belgian or flue ovens of the Coppee type, with improve-
ments' by Soldenhof, the ~ngineer who constructed them. They were , 
built with the expectation of utilizing 95 per cent. of the carbon of the 
coal. · The result has not justified the expectation. The coke, however, 
gives entire satisfaction in blast-furnace practice, and is reported to 
carry as heavy if not a heavier burden than Connellsville. The cost of 
repairs has been much greater than estimated, and the output per oven 
less than anticipated. The beehive oven, so far, gives the best results 
with the New River and Kanawha coals. These coals are not dry enough 
to require as hot an oven as the Belgian. 
The New River district.-The Coal Measures just describecl stretch 
along the Kanawha from Charleston to the Gauley mountain, on the 
New river, a little above its junction with the Kanawha. Just beyond 
this, at Nuttall, the coals of the New river, the No. XII. of Rogers, the 
Pott~ville Oonglomerate of the Pennsylvania survey, begin to be util-
ized for coking purposes, and from this point, along the canon of the 
New river, to where the lowest bed of the series goes into the air at 
Quinn:imont, the coals of all three beds of these measures are used for 
coking, making a coke high in carbon, low in ash, strong and vigorous, 
and giving the best results as a furnace fuel. Indeed, no better cok-
ing coal is found in the whole Appalachain basin from Pennsylvania to 
Alabama. 
Including the Flat Top field, the New River coal field is about 50 
miles long from northeast to southwest, and about 30 miles wide. The 
productive coals of this series are three in number: (1) Nuttall; (2) 
Quinnimont; (3) Fire Creek. These are all excellent coking coals. 
Professor White's description of tbem has been quoted on page 97 of 
this volume. 
The purity of the coals and their cokes can be seen from the follow. 
ing analyses : 
Analyses of New River, West Virginia, coals. 
ed carbon . .... .. . . . . . .. . . .. . .... .. .• . 







ulphti;: : :: : :: ::: :: :: :: : : ::: :::::: :: : : : : 












71. 82 72. 32 
24.43 21. 38 
1. 34 5. 27 
. 371 . 27 
2.41 1. 03 
100.871 100. 27 
Fire Creek. Quinnimont (lump). 
Percent. Percent. 
75. 499 79. 25 
22. 425 18. 65 
.805 1.11 
. 536 -~ 
• 785 .76 
100. 000 100. 23 
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.J:naly,es of New .River, West Virginia coke,. 
Nuttall. 
Percent. 
Fixed carbon . . . . . • . . . . • • . . . 91. 22 
""7 olatile matter . . . . . . . . . . • • . . ••......... 
Ah .•......••....•..•...... 7. 53 




























• 92 1 
100. 00 
.494 . 27 
99. 00 
. 538 . 30 . 82 
1----
99. 67 100. ooo I 100. oo 99. 87 
All of the ovens in this district are beehive of the ordinary pat-
tern. The charge of coal is 3 torn:i, the time of coking forty-eight and 
venty-two hour . The yield is about 64 per cent. as the average. In 
1 79, at Sewell, it was 65g per cent.; at Quinnimont, for five months, 
66.7 per cent. 
The tati tics of the manufacture of coke in the New River district 
from 1880 to 1884 are as follows : 
Stati~tics of the rnanuf acture of coke in the New .River district, West Virginia, 1880 to 1884. 
--------------'~~~~~ Number of establishments ....................... . 
\" D built .... ..... ...........•.............. ... . 
~nln: ~~~o1h"toiie:::::: :::::::::::: :::::: :::::: 
Coke pronuced, bort tone .................. ..... . 
Toul value coke at o,·ene ..................... ... . 
V Jae oke a.tov n pr ton .. ................... . 
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were thirteen establishments, with 281 ovens. In addition, quite a num-
ber of ovens are contemplated and others under construction. The 
coke is a good furnace fuel, and while not as pure as that made from 
the coals of No. XII., it is very nearly as valuable for furnace purposes 
as the New River, and the coal is mined and coke made under more fa-
vorable circumstances. Speaking of the coal from the Pittsburgh bed 
of this locality, Professor White says "it cokes well," and of the coke · 
from the Upper Freeport bed he states that " it is shipped to Chicago, 
where it finds a ready market and competes successfully with Oonnells-
ville coke." 
The coal used in the manufacture of coke in this district, with the 
exception of two works, is from the Pittsburgh bed. As mined by the 
Newl>urg-Orrel Ooal Company, in Preston county, this seam is from 10 
to 11 feet thick. Only 9 to 9¼ feet are worked, however, the rest being 
left to support the roof. At the Tyrconnel mines of this same company, 
in Taylor county, it is 9 feet; at Clarksburg, Harrison county, 8 feet 
10 inches; and at Wilson.burg, in the s~me county, 7 feet 6 inches. 
The coke made from this coal is reported by Maury to be compact and 
handsome, but liable in some localities to contain an excess of sulphur. 
This is not true of all the cokes made in this diistrict. 
The following are analyses of two of the coals of the Pittsburgh bed 
in this district: 
Analyses of coals of the Pittsburgh bed in West Virginia. 
Marion Harrison 
county. county. 
Per cent. Per cent. 
Fixed carbon.·---···-----·--··----··--------·-··-···· ........... _ ... ___ ··--··.... 67. 50 60. 00 
Volatile matter .•••. ·-------...................................................... 32. 50 ......... . 
100. 00 
Ash ................................................... __ ............. - .......... . 
Sulphur ......................................................................... . 
2.10 6. 70 
.95 ......... . 
The only analysis of coke obtained is the following, from Preston 
county: 
I 
Fixed carbon . . .. . • . . . .. . .. . . .. . . .. .. • . • • . . . . . 89. 30 
Volatilomatter.... ... ... .....•.. ..... .. . . . .•• . . 54 
Ash ..•........•. ·-·····-·· ········ -··········· 9.30 
~~fe~::::::::::::::::::::::::::: :: : : : : : : : : : : Ii 
100. 00 
At Austen, Preston county, the Upper Freeport seam, which is here 
from 5 to 5½ feet thick, i coked. The coal is too soft to bear handling 
or transportation. Professor Le ley reports that this coal makes '' a 
clear, even, silvery coke, sufficiently bard to bear the heaviest burden 
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of the blast furnace." Regarding it Professor White says: "Since ~his 
coal is successfully worked at the Irondale furnace,. on Three forks, as 
at Austen, there would seem to be good reason for believing that this 
great basin, 8 to 12 miles wide, stretching across Preston county from 
the Pennsylvania line to the Baltimore and Ohio railroad, and all un-
derlaid by this coal, will yet furnish much valuable coking coal." 
The following are analyses of this coal and coke as mined and coked 
at Austen: 
.Analyses of .Austen, West Virginia, -coal and coke. 
Coke. 
Coal. 
48 hours. 72 hours. 
Per cent. Per cent. Per cent. 
Fixed carbon........................................................... 66. 28 90. 56 87. 98 
Volatile matter........................................................ . 31. 12 ...•................ 
Ash . . . . . • . • • • • • . • • • • . • • • • • • . • • • • . . • • • • • • • • • • • • • • • • • • . • • • • • • . . . • • • • • • • • • 2. 48 9. 19 11. 57 
Water.................................................................. .12 . 25 . 45 ---------
100. 00 100. 00 100. 00 
====== Sulphur ....................••••.•••••.. ....••.......•....•............. . 64 .19 .21 
The yield of coal in coke was 66 per cent. 
It is evident that the coke could not have been made of the coal of 
which an analysis is given. Probably the coal analysis is selected 
lump, the coke being from the run of the mine or slack. 
The statistics of the production of coke in the northern district for 
the years from 1880 to 1884: are as follows : 
Statistics of the manufacture of coke in the northern district, West Vfrginia, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
------------,,----!----------------
Number of tabllahments ........................ . 
Ovens built ...................... ..... ...... ..... . 
<?:a1°! !d~~t to·~s::::::::::::::: ·.:::::::::::::: 
Coke produced, short tons ........................ . 
Total value coke at ovens ......................... 
1 
Value coke at ovens per ton .... ............... . .. . 
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bed of good coking coal 4 feet thick, and several beds of smithing and 
steam coals, one of them 9 feet, all free of slate and Qther impurities. 
Th~seam of the chief value is what is known as the'' Big vein," which 
at Elk Garden, Mineral county, is 14 feet thick. Some excellent coke 
has been made from this seam. Some yea.rs ago the old Hampshire 
Company tested it in pits, and found it made hard, silvery coke, suffi-
cient to stand the heaviest furnace burden. The following are analyses 
of coke made from the coals of this basin : 
Analyses of cokes of the Piedmont or Potomac, West Virginia, coal basin. 
Upper Potomac 5-foot bed. Elk Garden l.4-foot bed. 
No, 1. No.2. No. 3. No.4. No.I. No. 2. 
Percent. Percent. Percent. Percent. Percent. Percent. 
Fixed carbon ..•...•..••.•.••••.•••...•. 90. 90 87. 84 89. 82 89. 05 88.65 89. 61 
Volatile matter ••••••••.•••.•••.•••••••• • 82 1. 36 .50 1.17 . 70 .86 
Moisture ................................ . 23 . 59 • 54 .18 .56 .30 
A s~?~~ :: : : : : : : : : : : :: : :: :: : :: : : : : :::::: 1.26 • 94 .94 .14 . 69 . 94 6. 77 9. 25 8.18 9.46 9.40 8.24 
--+--
99. 98 99. 98 99. 98 100. 00 100. 00 99. 95 
Tota,l coke production in West Virginia.-Consolidating the statistics 
of the different districts of West Virginia given above, the following 
are the statistics of the production of coke in West Virginia from 1880 
to 1884: 
Statistics of the manufacture of coke in West Virginia, 1880 to 1884. 
1880. 1881. 1882. 1883. 1884. 
-------------
Number of establishments .••....••..•.••••••..••. 18 19 22 24- 27 
Ovens built .••••...•..•..••••••.••••••••••••••••••• 631 689 878 962 1,005 
Ovens building .................................... 40 0 0 0 127 
Coal used, short tons .............................. 230,758 304,823 366,653 411,159 358,588 
Coke produced, short tone ....•••••••••••••.•••••• 138,755 187,126 230,398 257,519 223, 4,72 
Total value coke at ovens .•••••...••••.••••••..••. $318,797 $429,571 $520,437 $563,490 $425,952 
Value coke at ovens per ton ...................... .2. 30 $2. 30 $2.26 $2.19 .1.91 
Yield of coal in coke, per cent •••••••••••••••.•••• 60 61 63 63 62 
PETROLEUM. 
BY S. H. STOWELL. 
THE OIL FIELDS OF THE UNITED STA.TES. 
P.ennsylvania and New York.~A recent publication of the second 
geological survey of Pennsylvania is a map of the oil regions of west-
ern Pennsylvania and southwestern New York, on which are outlined 
with great distinctness all the areas producing petroleum discovered 
prior to July, 1884. From this map a very clear idea can be obtained 
of the extent of the oil regions in these States. 
Commencing at the north in Allegany county, in New York, we 
have the main :field, the Richburg or Allegany field, of very irregular 
shape, but having an average length of 20 miles. Outlying this district 
in the ame county are three smaller :fields, of which one, about a mile 
from the town of Niles and bearing its name, is the farthest north of any 
development. The Wirt :field, midway between Niles and the main 
field, i larger, but produce more gas than oil. The Bradford oil dis-
trict, the next in order, is generally spoken of as in the Pennsylvania 
di trict. The main field, however, extends at least 6 miles into the 
State of New York, and an outlying basin of oil rocks, which properly 
belongs to the Bradford basin, is contained for the greater part in Car-
r llton town hip, in attaraugu county, New York. 
n Warren and Fore t counties, Pennsylvania-the mid.dle oil field-
th r i no large continuou depo it. The most important are the Clar-
nd n, the Cooper and Sheffield, and the Balltown districts. Of these 
th former i the large t and perhaps the most important. It covers a 
l rg part of l\fead. town hip, Warren county, and is elliptical in shape. 
h w 11 are of fair siz and are usually long lived. Xhe Cooper and 
h ffield di trict lie partly in Warren county and partly in Forest, is 
mall r than the Clarendon di trict, and is " spotted " territory ; that 
i th il-producing r ck eems to underlie the districts in spots. The 
Ballt wn fi ld i p rhap 10 mile long by 1 wide, and lies along Tion-
t r k, in F r t c u y, in he vicinity of Balltown. Quite large 
w 11 have en i u d here. bout midway between the Balltown 
fi ld an the Olar n field lie th once famou Cherry Grove district, 
wbi h n tilth d lo nt f th Thorn Oreek field, Butler county, 
rt f 4 h, d th di tinction of having had within its 
t the trade. The district i of very 
214 
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The lower field begins with a few deposits in the southwestern corner 
of Warren and the western end of Forest counties, and is considered to 
terminate in Butler county, the deposits being chiefly contained in 
Venango, Clarion, and Butler counties. Many, in fact the larger pro-
portion, of the deposits in this field are of but trifling importance at 
present. Most of them bear nai:yes which twenty-five years ago were 
famous the country over. Among these may be named the small dis-
tricts of Enterprise, Fagundus, Pi thole, Cash up, Walnut Bend, and 
others. From these, however, the glory bas departed and many of 
them produce no oil whatever at present. The largest district in Ven-
ango county is the Oil Creek field, which follows generally the line of 
direction of the stream from which it takes its name, at the north 
diverging into the northeastern corner of the county. At various points 
all over the county are smaller deposits, many of which, as has been 
said, produce no oil at present. Of the remainder a few produce small 
quantities of green and black oil; quite a number produce "heavy" or 
lubricating oil. The production of this county is insignificant as com-
pared with those previously mentioned. 
Passing south the long and measurably continuous belt of Clarion 
and Butler counties is reached. This is a district of later date than the 
Venango county field, having been developed in 1869 and 1870, during 
the decline of the Oil Creek deposits. This field is crossed near its 
southern extremity by the Butler "cross belt," in which good wells have 
been drilled, drawing their oil from the fourth sand. This cross belt 
extends east in Armstrong county, and several small pools are also 
found in that county. 
About 10 miles east of the southern extremity of the Clarion-Butler 
field lies the Bald Ridge pool on Thorn creek, now better known as the 
Thorn Creek field. Here most important wells have been developed. 
There are a few other isolated deposits in the western and south-
western parts of the State not generally considered in connection. with 
the fields just described. Of these the most considerable is the field on 
the Ohio river in Beaver county, which bas about the , dimensions of 
the Clarendon field in Warren county, but by no means the importance 
as to production. The Slippery Rock field along Slippery Rock creek 
in Lawrence county, the Pleasant Unity field in Westmoreland county, 
and the small deposits in Green county should also be mentioned. They 
posse , however, but little commercial importance. 
0hio.-Of the several localities in which petroleum has been found 
in this State, the only one of any considerable commercial importance 
is the Macksburg field, about 25 miles north of Zanesville. Operations 
have been in progre here for two or three years, but attracted but 
little attention until the pring of 1884, when several very fair wells 
were bored, and the production of the district rose, one well making 
over 100 barrel a day. For a time the field attracted a great deal of 
attention, even influencing prices on the Pennsylvania oil exchanges, 
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but the excitement soon snbsided. There are at present quite a num-
ber of producing wells in the district, but no important developments 
have recently been made. 
At Mecca, Ohio, oil is obtained by tunneling. A recent find nf oil 
i reported at Findlay, Hancock county. 
Kentucky.-In several localities in this State petroleum has been 
found. Perhaps the best known district is situated on a tract of 20,000 
acres of land, known as the Marshall tract, just on the Tennessee line. 
Here two ·shallow wells have for some years been producing about 3 
barrels each per day. Recent reports state that two large companies 
have been formed, mainly of Pennsylvania oil men, to develop this 
district. 
Along the banks of the Big Sandy river, in Martin county, several 
oil springs exist, and the indications here are favorable for the produc-
tion of lubricating oil. Steps have been taken/to develop this district 
also. 
Another field was recently discovered in Montgomery county by the 
sinking of a shallow well by a Virginia capitalist. A report on the oil 
found here was made by Dr. H. Froehling, of Richmond, to The Vir-
ginias, from which it appears that the oil is a petroleum of 21 ° specific 
gravity, and will doubtless make a fine grade of lubricating oil. 
We ·t Vir_qinia.-The oil district in West Virginia, in the vicinity of 
Volcano, till keep up a mall production. The wells here are very 
d p and yield lubricating oil. 
Oolorado.- troleum ha been found in many localities in this State, 
th chief depo it being located in Fremont county. Here, at as early 
a date 1 65, mall well were sunk on Oil creek, a few miles north-
a t of Canon City, the oil from which was transported by wagon to 
nv r and u ed for illuminating purposes. The industry, however, 
oon di d out, and no further steps toward the development of the 
tate' oil re ourc were taken until 1882. In this year the Land In-
v tm nt Coal and Oil Mining Company wa formed, and purcha ed 
about 14,000 acre in the vicinity ·of Canon City. This company ha 
bored two well , one of which wa the first bored in the di trict. Both 
are down about ~,ro fi et, and produce together about 3 barrel per 
day the petrol um being an excellent quality of lubricating oil. 
bout i1 mile outhwe t of Canon City the Arkan a Valley Oil 
C mpany ha commenced operation . Thi company urilled a w 11 in 
1 3, which i now pr ducing about 1 barrel per day. The ucce ,ful 
triking of il in thi w 11 induced the company to take , t p toward a 
r xt iv v l pm nt of it property, and a contract for drilling 
t wen wa le , the fir of which truck oil in Nov mber, 1 4. Tbi 
w ·11 i th b t t drill pr ducing t a lil · 5 barr 1 p r day. 'Ih e 
JI t rn dg f th oil a in. Th oil pr due d here 
f 3 o gr vit 
r th t pre ent engaged in pr due-
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ing petroleum. About 5 miles northeast of Canon City is the "dry" 
hole of the Canon City Oil Company. This well is a" dry" well in oil par-
lance alone, the trouble which interfered with its success as an oil pro-
ducer being a superabundance of water. This could not be satisfactorily 
cased off, and the well was abandoned at a depth of 1,800 feet. An-
other unsuccessful well is that drilled by Mr. Lyman Robinson, about 
7 miles from Canon City, which was abandoned at a depth of 1,700 feet, 
no oil in paying quantities having been reached. 
In various other parts of the State oil in greater or less 'quantities 
has been found. Oil springs and other indications seem to point to 
the existence of petroleum in paying quantities, in the vicinity of Wal-
senburg, in Huerfano county, and a local company has been formed to 
operate there. There are also indications of oil along Grand river, and 
a promising field seems to exist in that portion of the State. · Oil springs 
also exist near Morrison, on a tributary of Bear river, and in numerous 
other localities. 
Wyoming.-For many years petroleum has been known to exist in 
Wyoming. The oil area has not yet been determined, either by prospect-
ing or geological investigation. Enough has been discovered, however, 
to establish the existence of several important districts. Of these :five 
have been located and their boundaries in part defined, namely, the 
Shoshone, Beaver, Rattlesnake, Semiuoe, and Powder River basins. 
Unlike the better-known oil fields of Pennsylvania and other Eastern 
States, no deep borings are necessary in order to find the oil. It is in-
variably near the surface, and in many cases appears in the form of 
"oil springs," spontaneously escaping to the surface. Over much of 
the oil territory of Wyoming the oil which has escaped bas hardened 
and formed a crust, through which, immediately upon .penetration, the 
petroleum oozes. These circumstances render it much easier to get at 
the oil than in the eastern States and elsewhere, where deep boring.is 
required. 
The Shoshone basin is situated 78 miles north of Point of Rocks sta-
tion, on the Union Pacific railroad, and has an area of about 60 acres. 
Over all this area oil spontaneously escapes at places. Much of this 
di trict is covered by a crust of hardened oil from 1½ to 3 feet thick, 
which is overlaid by several feet of alluvium. The crust being pene-
trated, oil at once rises to the surface. It is intensely black in color, 
and has been successfully used as a lubricant. Dr. George B. Graff, of 
Omaha, as early as 1 76 began to make efforts tending to the develop-
ment of this field, and at lengthformed·a company which began to drill 
a well last winter. Oil, of course, collected in the hole as soon as it 
wa a few feet in depth; but drilling was continued, and on February 
13 1885, the promoters of the venture were rewarded by the striking, 
at a depth of 109 feet, of a large deposit of oil, the well producing, at 
last accounts, 84 barrels a day, the yield being on the increase. The 
oil is yellowish brown, and its specific gravity is about 20c. It will be 
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chiefly valuable as a lubricant, but will yield 40 per cent. of illuminat-
ing oil. 
The Beaver oil basin is situated 35 miles directly east of the Shoshone, 
and in many respects differs from it. Much gas constantly escapes in 
the vicinity of the oil deposits. No information is at hand with respect 
to any developments of this region, if any have been made. 
The Rattlesnake basin is 35 miles east of the Beaver basin. The oil 
here is chiefly found along the canons of several creeks which have cut 
through the hills. The line along which the oil "shows" is about 4 
miles long. The oil resembles that of the other two deposits. In this 
basin the Central Association of Wyoming is now boring a well, and the 
Rawlins Petroleum Association, which owns a large tract of land in the 
district, will also soon begin operations. 
The Seminoe basin lies between 25 and 30 miles east of the Rattle-
snake basin. The surface indications do not extend over so wide an 
area as in the other basins, but it seems probable that there is here a 
very large deposit of oil. The Seminoe oil resembles more nearly kero-
sene. 
At the head of Powder river important oil springs are found. In 
this di trict oil is often secured by sinking pits, into which the oil oozes 
and is collected. The Central Association of Wyoming contemplates 
developing this district also, and is about to put down a well. The 
Denver Oil Company of Colorado has purchased territory in this district 
and ha a well uud r way. 
Oil has been found in many other parts of Wyoming, notably at 
Jenny' Stockade, on the ea tern side of the Territory, in Uintah county, 
and on the line between Wyoming and Dakota. Developments are now 
being energetically pu hed, and the fluid seems destined to become one 
of the Territory's most important commercial products. 
Oalifornia.-P troleum was first discovered in California not long 
after the b ring of the fir t well in Penn ylvania in 1859. The excite-
ment att nding the di covery of the fluid in the East spread over the 
country, and induc manv in various portions of the United States to 
explor for indication • which were soon found in abundance in Cali-
fornia. arly as 1 65 there were seventy oil corporations organized 
in thi tate, with a nominal capital of 45,000,000, and forty or fifty 
well w re tart d, chiefly in Humboldt county. The e were trivial 
affair the d p t having a depth of only 400 feet. They were all 
pum r ' no n ing a flowing well. The product for the year 
2 b rr 1 . The indu try oon declined, and, while opera-
until 67, during hich year one well wa bored 
f t pr ·ti Uy died ut after that date, and wa not 
th' · ar r p ctor came from Penn ylvani ... 
hi · w r ucc ful, producing from 15 
a r ult f tbi v ture th acific Coa t 
h 1 adi g oil c mpany on the coa t wa 
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organized in 1879. Since that time it has bored twentw-four wells in 
Los Angeles and ·Ventura counties, of which twenty are now produc-
ing. The wells in the San Fernando district, in Los Angeles county, 
furni!:,h the larger part of the oil produced by this company. One of 
these wells has been producing for seven years, and is now yielding 
from 25 to 30 barrels daily. Its largest yield was 80 barrels in one day, 
this being obtained during a voluntary flow. The largest daily yield 
of any of these wells, at present, is 110 barrels. They produce a total of 
625 barrels daily. The oil is said to be the best found on the coast, a 
large part of it being manufactured into high-grade illuminating oils. 
The wells of the company in Ventura county are all shallow, some 
petroleum being produced by tunneling. The oil is dark and heavy, 
and is principally used for fuel. The total production of all the wells 
of the company is 700 barrels daily, an average of 35 barrels to each 
well. 
The Pacific Coast Oil Company is also producing about 12 barrels 
daily from a deposit of petroleum in the Santa Cruz mountains, Santa 
Clara county, about 18 miles back of San Jose. The company is mak-
ing preparations to develop other deposits, and will doubtless soon 
largely increase the production. 
The only other company at present actively engaged in producing 
petroleum in California, according to the San Francisco Bulletin, from 
which much of this information is derived, is the Trinitar Oil Company, 
which is producing from 10 to 12 barrels daily from a deposit near Pes-
cadero, in San Mateo county. The grade of this oil is good. 
Petroleum is known to exist in many counties of· this State. Be-
sides those mentioned, there are Santa Barbara, San Luis Obispo, 
and Kern counties. According to a survey of the oil field of these 
counties made in 1877, the belt covered by the deposits is 60 miles long 
and averages 8 miles in width. It has been estimated that this belt 
doe not contain over one-half of the oil deposits of California. 
The following figures, estimated in part, give the petroleum produc-
tion of California since 1879 : 
Production of pefroleurn- in Califo1·nia since 1879. 
Years. 
1879 ...... ···············-··· ........... . 
1880 .•.••• ·•••••••••••·•••·•••·••••••·•·· 













California has, however, depended largely in the past upon importa-
tion of petroleum for her upply. Before the building of the railways 
across the continent all the petroleum imported came in ships by way 
of Cape Horn. Of late much of the oil imported comes by rail, in tank 
car and barrels, but the ocean route has not been abandoned, nearly 
every vessel from New York bringing a consignment. The following 
ftgnres show the imports of crude oil from the East from 1864: to the 
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close of 1883, as nearly as can be _ascertained from the best sources at 
hand: 
Receipts of petroleum at San Francisco since 1864. 
Years. .Barrels. Cases. 
1864. .•.•• •••••• .••••. ..•• .. .••. 50 
1865 ....... .•.............••••...... · · .. 
1866 . •.... ...••. ..•. .•. • •• ••.• .• 129 
1867 .•.•. . ...•.. .... .. . • • . .•.. .. 59 
1868 .......•....•....••..•.•••.•.•....•. 
1869 .......• • ..•• ..........••••. .... .•. . 
1870 ... .•..•.•.•..•••..•••..•••. ·••·· .. . 
1871 .. . . ..••.•••.•••..••.. ·••·•· ....... . 
1872 . . . • . . . • • • • • . • . . . . • • . . • • • • • . 2, 719 
1878.. •. .... ... . . . . •.. . . • . . •..•. 1,599 












Years . Barrels. Cases. 
1875 . .••..•.••...•••..••.•••••. 2,125 
1876...... •• . .• •• •• . ••••. •••••• 2,942 
1877 . .••. .• . . .. .•••••. •.. •••••• 1,736 
1878 . .•.. •,..... • . • • • • . . • . . • • • . . 2, 271 
1879 . . . . . . • • • • . . • • . . • • . . • . . . • • . 11, 570 
1880 ..•.. · ·••·· .......... .••••. 1,844 
1881 .....•...•..••••..•••.•.••. 2,54'7 
1882... .. .•••.• •• •. . • . . . • • .. • • . 884 










Total. . . . • . . . . . . • • • • . . • . . 35, 682 8, 605, 124 
A case contains two 10-gallon cans of oil. The total imports for the 
period covered by the figures have thus been 1,752,408 barrels of 42 gal-
lons each. 
Transportation facilities for the moving of oil in the State are yet in 
their infancy. The Pacific Coast Oil Company has, however, constructed 
two systems of pipe lines, one carrying the oil from the Los Angeles 
county wells to the Southern Pacific railro.ad, on which the transporta· 
tion is completed by tank cars, and the other carrying the oil to San 
Buenaventura, one of the landings of the Pacific Coast Steamship Com-
pany, from which point it will be transported to San Francisco in tanks 
on board of vessels. 
The u es of petroleum in California, as in the East, are various. The 
Pacific Coast Oil Company has built extensive refineries at Alameda 
Point, at which most of its product is manufactured. It is estimated 
that the company at present supplies one-third of all the refined petro-
leum u ed in California. Much of the oil consumed in the State is, of 
cour e illuminating and lubricating oil, native oil being used by many 
railroad f~r the latter purpose. Gas making also utilizes considerable 
oil. The Central Gaslight Company, of San Francisco, uses 60 barrels 
of rude oil daily, and the Oakland Gaslight and Heat Company, as 
well a many other interior gas companies, use petroleum in a limited 
way in the manufacture of ga , in connection with coal. 
Petroleum i al o u ed to ome extent as fuel in this State. Besides 
a limit du e of it in oil tove , at lea t 100 barrels are used daily in 
th uthern countie in the generation of steam. It is used in thi way 
t run flour mill , quartz mill , and variou oth r manufactories. The 
r due i w rk at aggett, on th Southern Pacific railroad, have 
w y. It i al o tated that the alifornia Sugar Re-
70 t n of coal dail , ont mplate experimenting 
fu 1. 
PRODUOTION STATISTIOS. 
Total proauotion of orud~ petrol-6Um in the Pennsylvania and New York oil fields jot· the years 1871-'84, by yea1·s and months. 
Years. January. February. 
M=b. I April. May. June. July. August. September. October. November. December. Total. 
1871 .... ··-··· 418,407 372,668 400,334 385,980 408,797 410,840 456,475 462,582 461,940 485,243 464,610 477,958 5,205,234 
1872 .......... 583,575 462,985 461, 590 462,090 537,106 491,130 517,762 549,909 5Q0,430 442,432 638,610 645,575 6,293,194 
1873 .......... 632,617 608,800 665,291 641,520 776,364 793,470 867,473 936,138 954,270 942,493 991,470 1,084,380 9,841,744 
1874 .......... 1,167,243 835,492 883,438 778,740 895,745 921,750 1,038,447 981,519 840,630 919,739 861,060 858,142 10,926,945 
1875 .... . ..... 852,150 719,824 780,539 675,060 696,508 696,210 788,361 718,766 698,940 731,078 700,200 720,874 8,787,500 
1876 ......... . 712,225 668,885 718,177 701,490 735,351 723,600 768,623 782,228 780,600 809,162 786,480 787,090 8,968,906 
1877 .......... 812,890 873,216 901,697 972,810 1,127,594 ], 130,790 1,189,005 ] , 273,759 1,214,910 1,269,326 1,173,420 1,256,058 13,135,475 
1878 ... --·-··. 1, 2G3, 206 ], 094, 856 1,208,380 1,195,890 1, 2fi4, 862 1,217,250 1, 28ll, 865 1,341,925 1,315,710 1,369,797 1,348,950 1,318,678 15,163,462 
1879 ......... l, 360,921 1,261,935 1,499,315 1,580,450 1,644,922 1,675,650 1,637, 767 1,892,802 1,856,700 1,886,878 1,710,480 1,769,856 19,785,176 
1880 ......... . 1, 00-1, 113 1,870,008 2,015,992 2,015,700 2,228,931 2,158,440 2, 248,4110 2,841,027 2,346,300 2,885,686 2,274,420 2,288,634 26,027,631 
1881. • 1 
2,244,000 1,913,128 2,274,532 2,205,780 2,893,293 2,377,860 2,372,678 2,331, 7'!:7 2, 1113, 420 2,323, 171 2,266,830 2,480,000 27,876,509 
1882 .... ······ 2,353,551 2,131,332 2,482,170 2,402,790 2,486,572 2,825,940 3,258,162 8,104,495 2,620,380 2,297,658 2,192,940 1,897,510 80,053,500 
1888 .......... 1,948,319 1,756,188 1,880,674 1,816,530 1,962,052 1,977,900 2,020, 394, 1,868,277 1,913,370 2,076,659 1,958,340 1,988,526 28,117,229 
l884 ......•.. . 1, 825, 838 1,880,650 2,052,262 2,065,860 2,232,408 1,862,190 2,059,950 2,099,165 1,948,260 1,961, 86tl 1,811,700 1,822,614 23,622,758 
Shipnients of m·ude petroleum, and refined petl'oleurn reduced to crude equivalent, out of the Pennsylvania and New York oil fields for the years 1871-'84, by 
'j/ears and months. 
Years. January. February. March. April. Ma.y. June. July. Angost. September. October. November. Deeember. l ToW. 
1871 .......... 487,691 347,718 883,890 389,147 587,375 501,754 541,137 528,134 551,075 505,1 071 480, 977 410, 822 5, 664, 791 
1872 ·····-···- 476,966 · 407,606 276,220 428,512 510,417 529,228 591,238 621,954 541, fi07 607,468 477,945 430, 786 5,899,947 
1873 .......... 573,124 527,440 668,374 708,191 768,176 696,414 814,449 864,768 952,955 1, 010, 852 959, 589 955, 443 9, 499, 775 
1874 .. ........ 848,663 501,220 518,246 803,409 899,027 815,413 940,281 793,865 1,014,570 543,341 546,117 602, 348 8, 821, 500 
1875 .......... 453, O!i5 327,776 693,918 729,581 681,679 745, 986 904,537 882,089 1,109,392 871, 917 671, 066 871, 902 8, 942, 938 
1876 .... ·-·-·· 677,289 519,198 623,762 608,037 646, 150 921. 862 1,228,539 1,203,402 1,154,549 524, 190 871, 496 1,190,988 10, 1()4, 452 
1877 .... ······ 748,461 484,904 918,919 903,526 1,284,324 1,391; 124 1,096, 951 1,425,943 1,563,797 1, 268, 971 1,205,684 600,019 12,832,573 
1878 .......... 775,791 774,234 741,612 846,632 960,894 I, 135,119 1,330,454 1,655,651 1,434,225 1, 747, 390 1, 281, 410 992, 688 13, 676, 000 
1879 .... .. .... 663,998 702,729 973,879 1, 136,188 1,331,469 1,369,314 1,625,035 1,808,239 1,627,120 1, 662, 269 1, 453, 645 1,532,585 ]5, 880,470 
1880 .......... 1,650,409 1,395,151 1,613,371 842,268 1,095,259 975,083 1,231,611 1,394,129 ], 252,635 1, 665, 933 1, 226, 030 ], 335,613 15,677,492 
1881 . ......... 1,061,617 915,028 1,276,746 1,348,398 1. ,oa .• ,.
1 
1,729,697 •. '"· "' I 2. 214 •• ,, 2,131,950 2. ,so. "' I ,. 066. 906 1, 969, 581 20, 284, 235 1882 .. ........ 1,657,067 1,787,909 1,718, 956 1,678, 13:i ], 827,356 2,172,685 2, 402, 970 2, 047, 545 1,992, 171 2, 089, 428 1, 404, 640 1,121,453 21,900,314 
1883 ..... ..... 1,357,815 1,250,824 1,641,899 1,908,379 ], 995,634 1,747,789 1, 634, 407 2, 086, 478 2,325,574 2, 215, 421 2, 065, 602 1,749,547 _21,97:),369 











~·11111br1· of ilrilli11g ll'clls i11 the Pc1msylva11ia and New Ym·k oil fields at the close of each month for the yca,·s 1971-'84, by yea,·s a11d months. t,!) 
t,!) 
I:-,:) 
January I Febru- Maroh. April. Mn.y. June. July. August. Septem- October. NoYem- Decem- Yenrly Yrara. I · ary. ber. bor. ber. n.ve1·agr~. 
--- - - - ------ --------- --· 
140 173 240 279 356 303 320 330 4-39 486 477 304 320 
363 360 313 302 386 301 359 302 301 311 354 318 347 
361 349 227 177 228 305 340 267 197 163 137 60 242 
87 55 09 213 225 210 180 128 107 82 57 54 121 
40 40 45 64 127 162 118 96 132 170 170 168 1J2 
H2 151 230 267 307 340 353 374 511 565 618 493 363 
457 463 395 448 512 395 365 417 535 573 565 426 463 
3:U 826 379 409 376 266 188 185 240 282 297 218 292 
265 323 406 468 460 384 329 258 270 313 372 440 357 
540 535 577 580 460 440 452 515 491 469 475 408 495 
883 420 437 446 470 408 379 352 388 445 
ml 468 423 a= 422 43F 408 405 381 226 240 194 177 184 138 276 H 126 151 205 199 216 228 262 315 314 341 301 263 243 ~ 270 273 260 284 244 123 123 91 79 100 86 78 168 g: 
t'-4 




Years. I January. I F:~;~- I March. I April. I May. I June, I July. I August. Septem- October. Novem- Decem- Total. 0 ber. ber. ber. ~ 
~ --- - -- - -- 0 
1872 ·•••••·•·••••••••• .••••••••••..••••• 37 120 89 121 135 84 128 118 82 100 64 105 1,183 
t_:tj 
1873 · • ·· •· · ··••·••···••••••• •••••• ...... 93 94 100 105 102 130 114 120 106 101 100 98 1,263 rn 
11174 · ••·•· .••••. •••••••••••• ..••••.•.... 102 104 110 118 109 101 121 107 104 120 106 120 1,317 
1875 . ...•• ·••••··••••• .•••••.•••.•••.•.. 190 187 195 186 172 190 200 210 201 220 217 230 2,308 
18i0 .•••.•.•.•.•.•..•..••••.••••.•...••. 240 231 242 200 202 261 248 270 209 273 272 272 2,920 
1877 ..•••..•••••.•••••..•..• · • •••• •.•.•. 281 241 291 260 320 403 317 255 322 467 391 382 3,939 
1878 ••··•· . ..•••••••••••••••••••.•...... 274 226 211 409 470 269 203 186 174 229 248 165 8,064 
1879 ··•·•• . .•••..•••••.•••.• ··••·• ...•.. 136 132 238 270 402 330 327 283 210 232 227 261 3,048 
1880 .•••••... ~-- .•••••...•••.•••••.•••. • 320 230 367 500 426 310 338 368 356 364 336 302 4,217 
1881 . ...••. •••.•.•.•••.....• ··••••·•···· 222 220 271 316 406 374 336 332 312 322 363 406 3,880 
1882 . •.•......•..•...• ··••••·•·•••······ 347 340 385 432 469 340 185 253 164 117 150 122 3,304 
1883 · ················· ·················· 125 126 142 209 231 228 261 309 321 321 302 2'72 2,847 
1884 ······· · ... .. .. . .................... 229 227 ,256 298 311 244 268 145 89 59 73 66 2,265 
• \ 
Number of prod1wing wdls in the Pennsylvania and New York oilfields at the close of each month Jo1· the years 1872-'84, by years and rnonihs . 
Years. January. February. March. April. • May. June. J~. 
1872 .. • .. ..•.. 3,892 3,936 3,943 3,967 4,085 4,144 4,245 
1873 .. .. ·· ···· ', 485 4,490 4, 411 4,265 4,317 4,400 4,420 
1874 ·········· 3,311 3,235 3,308 3,301 3,266 3,298 3,293 
1875 . ..... .. .. 3,132 3,112 3,060 3,052 3,080 3,084 3, 067 
187(; .. . .. .. ... 3.,314 3, 638 3,670 3,772 3,930 4,527 4,774 
1877 .• . .... . . 6,283 6,441 6,666 6, 846 7,037 7,352 7,564 
1878 ..... . .... 8, 1316 8,725 8,848 9,071 9,400 9,605 9,776 
187!) ......... 10,482 ]0, 582 10,692 iO, 782 11,045 11,223 11,461 
1880 · ·· ···· ... 12,000 12,072 12,222 12,572 12,972 13,172 13,275 
1881 ······ . ... 14,900 . 15,050 15,500 15,769 16,150 16,700 17,000 
1882 · ···•· · · ·. 18,400 18,600 18,850 19,150 19,350 19,500 19,570 
1883 .. .. ·· ···· 17,600 17, 300 17,260 17, 100 17,100 17,050 17,100 
1884 ·········· 20,756 20,930 21,000 21,242 21,494 21,658 21,844 
August. September. October. 
4,423 4,475 4,475 
4,163 3,940 3,654 
3,287 3,254 3,270 
3,-088 3,112 3,125 
6,047 5,285 5,552 
7,864 7,872 8,061 
9,884 lO, 012 10,188 
11,585 11,760 11,860 
13,500 13,825 14, 100 
17,250 17,562 17,799 
19,600 19,600 19,000 
17,100 17,300 • 19,100 



































Average daily production of crude petroleum in the Pennsylvania and New York oilfields each month for the yea1·s 1872-'84, by years and months. 
Years. January. February. March. April. May. June. July. August. September. October. 
1872 ......... . 18,825 15,965 14,890 15,403 17,326 16,371 16,702 17,739 16,681 4,272 
1873 .......... 20,407 21,725 21,461 21,384 25,044 26,449 27,983 30,198 31,809 30,403 
1874 .. .....•.. 87,663 29,839 28,598 25,958 28,895 30,725 33,337 30,049 28,021 29,669 
1875 . ....... . . 27,489 25,708 25,469 22,502 22,468 23,207 25,431 23,186 23,298 23,583 
1876 ......... . 22,975 23,065 23,167 23,383 23,721 24,120 24,633 25,233 26,020 26, 102 
1877 27, 190 27,979 29,087 32,427 36,374 37,693 88,335 41,089 40,497 40,946 
1878 . ......... 38,816 39, 102 38,980 39,863 40, 80~ 40,575 41,415 43,288 43,857 44,187 
1879 ..•....... 44,191 43, 515 48,366 51,015 53,062 55,855 56,057 61,042 61,890 59,238 
1880 .... · ····· 61,423 64,552 65,032 67, 190 71,901 71,048 72,530 75,517 78,210 76,956 1881 .......... 72,390 68,326 73,372 73,526 77,203 79,262 76,538 75,217 73,114 74,941 
1882 ..•. ·· •··· 75,921 76,119 80,070 80,093 80,212 94,198 105,102 100,145 87,346 74,118 
1m·········· 62,849 62,721 59,054 60,551 63,292 65,930 65,174 60,627 63,779 66,989 1 . .•.. ~ •••• 58,898 64,850 66,202 68,862 72,013 62,073 66,450 67,715 64,942 63,286 

























































1871 •••••...• 537,751 
187:! •••••••••• 5:l'.!,071 
lS7:l ......... . 1, lfl:l, 728 
11-"71 .......... l, 018, !H!l 
1875 .•••••.•• . I, 011, 703 
Ui7\l ••.•...••. :n,ss, 1-1 :1 
l8i7 .......... !!, 004, 1:_)8 
UliK ''""···· ·· 3,555,912 lSi!l .••••...•. fl, :t!l, !.!-3:! 
J&;o •••.•••. .. 8,721, l!).t 
1881 . . . . . . . . 20, 110, 003 
H!.>,"J •••••. • .. , 20, 716, l!IB 
19'~'.I . • • .. • . . . . 3.i, 187, llG 



























861 .•... •.••. 
B62 .•••.•.••. 
863 ......•• . 
S(\4 •• : • .•.••• 
BG5 •••••• •••• 
;oo ....... .. 
B07 .......... 
BOS •••••••••• 
;oo ...... ... 
:170 ..•. •. .• •. 
B71 .... ..... . 
372 ....•...•• 
B73 .•..••.... 
874 ·•••••· .•. 
875 ... ....... 
B76 .•.•.•.•.. 
B77 .•.•.• . •.. 
878 .•••••.... 




























'83! . 93 
1.11 
l!~brnaryJ March. .April. May. June. July. .August. September. October . November. December. 
587. 0'.!l 642,000 771,000 605,000 654,000 511,220 530,146 541,300 495,102 502,960 532,000 
579,793 662,497 877,832 950,803 1,010,302 990,229 097, 166 951,410 914,423 886,909 1,084,423 
1, 26:i, 373 1, 244, 6:i7 l, 178,643 l, 192,541 1,324,493 1,433,620 1,513,890 1,521,185 1,452,777 1,493,875 1,626, 157 
2, 2$.1, 032 2,648,210 2,623,534 2,594,286 2,701,625 2,279,479 2,932,444 2,758,504 3,134,902 3,449,845 3,705,639 
4, r..io, 18~ 4,592,364 4,637,843 4,552,672 4,502,896 4,386,720 4,223,397 3,812,945 3,672,101 3, 701,•235 3,550,207 
3, i:11, 835 3,829,250 3,000,703 3,989,904 3,791,642 3,326,726 3,304,405 2,930,456 3,040,108 2,955,092 2,551,199 
2, 8ti0, 636 3, 210, 4-54 3,270,731 3,178,008 2,912,674 3,004,728 2,852,544 2,503,657 2,504,012 2,471,798 3,127,837 
3,875. 96-1 I 4,342,832 4, 69:!, 090 4,996,058 5,078,189 5,031,600 4,717,877 4,599,362 4,221,769 4,289,309 4,615,299 
ft, 813,663 6,318,099 6,680,111 6, 980,064 7,263,150 7,353,382 7,114,195 7,620,525 7,794, 63i 8,051,469 8,470,490 
0, 00.t 062 9,606,683 10,780,153 11,916,577 13,099,934 14,116,753 15,063,651 16,157,316 16,877, 019 18,025,409 18,928,430 
21, lOt!, 003 22,105,789 22,063, 171 23,793,028 24,441,191 24,888,337 25,005,187 25,066,657 25,309,361 25,509,285 26, 019, 704-
27,059, Gll 27,822, 8'.!5 28,547, 4Sl 29,206, 697 29,859,952 30,715,144 31,772,094 32,400,303 32,608,533 33,728,555 34,596,612 
35. 692, 480 35, Sill, 255 37,789,406 35,755,824 35,985,935 36,371,922 36,164,881 35,752,677 35,613,915 35,506,653 35,745,632 
36,041,898 36,220,270 36, 6-12, 794 38,631,203 38,665,838 38,985,767 39,084,561 38,740,734 38,192,317 37,925,756 37,366,126 
ont71 ly and yem·ly ave-rage p1-ioe of pipe-line cl't·ti.ji,cates or crude petrolewn at well for the years 1860-'84. 
$18. 00 $12. 62½ iu.oo $10. 00 $9.50 $8. 62½ $7.50 $6. 62½ $5. 50 $3. 75 $2. 75 
1. 00 1. 00 . 62½ • 50 • 50 .50 .25 . 20 .10 .10 .10 
. J5 • 22½ . 60 . 85 1. 00 1. 26 1. 25 1. 25 1. 75 2.00 2. 25 
2. 50 2. 6'.!½ 2.87½ 2. 87t 3. 00 3. 25 3. 37½ 3. 50 3. 75 3. 85 3. 95 
4. 37½ 5. 50 6. 56 6. 87½ 9. 50 12.12½ 10.12! 8. 87½ 7. 75 10. 00 11. 00 
7. 50 6. 00 6. 00 7. 37½ 5.62½ 5.12i 4. 62½ 6. 75 8.12½ 7.25 6. 50 
4.40 3. 75 3. 95 4. 50 3. 87½ 3. 00 3. 75 4. 50 • 3. 39 2.10 2.12½ 1.86 1.75 2. Oi½ 2. 35 1. 90 2. 62½ 3. 15 3.40 3.55 2.50 1. 87½ 
2. 00 2. 55 2. 82½ 3. 75 4. 50 5.12j- 4.57½ 4. 00 4.12½ 3. 75 4. 35 
6. 95 6. 00 5. 70 5. 35 4. 95 5. 37½ 5.57½ 5. 50 6. 50 5. 80 5.12½ 
4. 52½ 4.45 4. 22½ 4. 40 4.m 3. 77½ 3.15 3. 25 3. 27½ 3. 22½ 3.40 
4. 38 4. 25 4. 01 4. 60 3. 85½ 4. 79 4. 66 4. 65 4.82½ 4. 25 4. 00 
3. 80 3. 72½ 3. 52½ 3. 80 3. 85 3. 80 3. 58½ 3. 25 3.15 3. 83½ 3. 32½ 
2. 20 2. 12½ 2. 30 2.47½ 2. 22½ 2. 00 1. 42½ 1.15 1. 20 1.25 1.00 
1. 40 1.60 1. 90 1. 62½ 1. 32½ 1. 02½ .95 . 95 . 85 • 55 . 61½ 
1. 52~ 1. 75 1. 36½ 1.40 1. 26½ 1.09 1~13 1. 33 1.32½ 1. 44 1. 55 
2. 60 2. 01 2. 02½ 1. 90½ 2. 01! 2. 24½ 2. 71i 3. 81 3.37½ 3.11 3. 73 
2. 70 2. 67½ 2. 58 2. 24 1. 94-t 2. 07½ 2. 51 2. 38 2. 56! 1. 91 1. 80 
1. 65¼ 1.59 1. 37½ 1. 35¼ 1.14 . 98! 1. 01 . 86i . 82¼ . 89i 1.16 
. 98 . 86¼ . 78½ . 76 , 68i .6~ • 67¼ . 69i .8~ 1. 051 1.18¼ 1. 03¼ -88i . 78 . 80 1.00 1. 0 • 91 . 96 . 9 . 91 . 91i 
: ffl . 83i . 86¼ , Slf . 81¼ • 76¼ . 78¼ .97y\ • 91¼ . 85 J1 .Sli '78i . 71 . 54i .51 .5ij . 72i .93¾ 1.14 1.01 . 971 . 92ft, 1. OOg 1.16i 1.0 1.08 l.12j- 1.11¼ 1.14½ 1.14¾ 


























































THE PETROLEUM MA.BK.ET IN 1883 A.ND 1884, 
During the past two years considerable :fluctuations have taken place 
in the price of petroleum. The close of tlie year 1882 found the price 
rising slowly, as was expected when the depressiug influence of the 
Cherry Grove gushers began to decline. There seemed to be but little 
possibilit,v that another deposit similar to the ()berry Grove pool would 
be discovered, and with increasing confidence on all sides the price 
reache<l $1 per barrel in January 25, 1883, the highest attained since 
1880. AR time moved on various other circumstances in favor of higher 
prices, such as a disinclination to put, down new wells, a falling off in 
the production of what wells were drilled, and an increase in consump-
tion, together with the gradual reduction of the stock of petroleum on 
hand, increased the confidence of the trade to such an extent that in 
May a "boom" took place which resulted in raising the price to $1.20 
at the close of that month, and on the first day of the succeeding month 
$1.24¼ was registered on the exchanges. During the remainder of the 
year prices remained above the dollar line, nothing being developed in 
the oil fields to cause a downward movement. In the Balltown district, 
in Forest county, many large wells were producing, especially during 
September, but tllese wells were very short lived, declining in produc-
tion from 1,000 barrels per day to less than 100 barrels per day within 
a space of a very few days. 
The year 1884 opened with but little change in the situation. The 
developments in the Balltown and also in the Cooper districts contin-
ued, the wells exhibiting the same character as mentioned before, pro-
ducing very largely at first, but rapidly falling off. This state of affairs 
continued until the month of March, when, under the influence of some 
mmsually large <levelopments in the Balltown pool and some indica-
tions that tlle Macksburg field, in Ohio, was tendi11g in the direction of 
a large output, 1>rices fell below $1 per barrel. This was followed in 
~lay l>_y the fiuancial troubles in New York. These troubl~s, together 
witll the failure of the Penn Bank in Pittsburgh, an organization which 
had beeu dealing very largely in petroleum, affected the market very 
seriou ·ly, tlte price falling as low as 67 ceftts in May, a drop from whiell 
1t ' eurnd unable to recover, as in June; altliough the finaucial situation 
wa · mucll irnpro·ved and field operation were restricted, the downward 
motion eou tinued until 50 cents was reached. Jfrom this figure the 
markrt oon reco\·ered to 60 cent , and fluctuated around this price 
uutil the latt ~r part of ,July, when, under the influence of a serious de-
cline h1 the J>roduction of the Wardwell tract, it rose to 75 cents, early 
iu tile ·ucceeding month, August , reaching 80 cents. 
During thi month of August the mo t remarkable petroleum develop· 
1ueut ' ·iuee the rii;lj of tho Cherry Grove field was made. The Bald· 
ridge di ·trict, ou Tl.10rn creek, had heretofore been a pool much r e. 
·emuling th Clarendon and Balltown pools, although considerably 
2 )I R--15 
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older. Wells of no small size had been struck in the district, but had 
invariably fallen off to mall or rnf'dium producers. Early in August 
a well began drilling on Tho.rn creek by Phillips Brothers, which, upon 
striking the sand, commenced gushing at a rate of 300 barrels a day. 
This did not satisfy the owners, and the well was drilled deeper iuto 
the 'O-called fourth sand, upon reaching which depth the well began to 
procluce oil at the rate of 1,800 harrels a day, according to moderate 
etitimates. This important development affected the market seriously, 
prices falling very rapidly, and also caused a great rush of oil producers 
to Baldridge, or, as it began then to be called, Thorn creek. The Phil-
lips Brothers' well did not fall off in production as had been expected, 
but continued to produce at an average of 2,000 barrels a day for over 
a month. Still more excitement was caused when the Christy well, not 
far from the Phillips well, was drilled into the sand on October 11, and 
began to produce oil at a rate of 1,500 barrels a day, which production 
it rapidly and wonderfully increased; two days later it was producing 
2,500 barrels a day, and the next day was making the enormous produc-
tion of from 5,000 to 6,000 barrels every twenty-four hours. These re-
markable occurrences puzzled the oil trade greatly. When the Phillips 
well was making its large output, the theory was advanced that it was 
o ituated as to draw the entire pool, and that any other wells that 
should be bored in the vicinity would simply decrease the production 
of the Phillips by the amount of their own output; but this and all other 
theorie were disproved when, after nearly two months of production 
by the Phillip well, the Christy well came in and made its enormou..,, 
output from an almo t identical ource. No one ventured to estimate 
th probable extent of the pool, and prices fell off with great rapidity. 
Tbe Chri ty well, however, wa not the largest producer that the Thorn 
reek di trict wa able to bring to the attention of the trade. Most of 
th well in th di trict during the latter part of October bad begun to 
d c1ine, and with thi encouragement the market began to recover its 
forwer po ition. True, 3,000 and 2,000-barrel wells were coming in 
fr quently, but after the Chri ty well these producers did not appear so 
t nible a they did during tJie day of the Oherry Grove development. 
On foutlay October 27, how ver, the large t well ever known in the 
hi tor,v f tlle Tew York and Perm ylvania oil fields was brought in. 
Tlw rm tr ug well No. 2 bad been drilling into the sand the previou 
w k n l n Fritlay and SaturdaJ· wa r ported bopeles ly dry. On 
... I n y an nart nitroglyc rin torp do wa lowered into the hole 
au<l x l d . Th r ul w ·tartl in g ; tb well began to flow at a 
au within ~ fo" hour," i crea 'ed it ou pu to th 
f \ arr 1 a a·, k iug np thi imm n e pr -
ur. . ' b • r · nt :xp ri n of tb oil trad with 
t Ii tl · , il t 1t iu th pr euce of o tr mend u 
·liu rapi ll,r f lling 14 nt in n d ~·. 
~ rm r n ' w •11 d :lin l n id rably, pr duciu (T 
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about 7,000 barrels, and at the close of the week was putting out but 
a little over 5,000 barrels. 
The success of the proprietors in the Armstrong well in ,~ shooting" 
their well led to au extensive use of nitroglycerine throughout the Thorn 
Creek district. The result, however, was not the same, and it was 
finally conceded that the field was on the decline. From this time on, 
during the early months of 1885, no large developments were brought 
to light and other circumstances were favorable to an increase of price. 
Such seemingly had been the effects of the remarkable developments 
in the Thorn Creek field, however, that for several months in the face 
of these favorable circumstances prices remained at a low level, and it 
was not until rn~ar the middle of 1885 that any improvement took place. 
Prices of petroleum in California have varied greatly. During a 
great scarcity of refined oil iu 18(35 it sold as high as $1.40 per gallon 
from first bands, and $1.75 from jobbers. Under ordinary circum-
stances, however, up to the close of 1869, the price was about 60 cents. 
A gradual reduction commenced, which reached its lowest point in 
1883, when good brands were sold at from 15 to 17 cents. The price 
now varies from 25 to 30 cents. These figures all refer to the refined 
article. No information is at hand regarding prices of crude. 
EIPORTS OF PETROLEUM. 
i,a11tiliea aml ,,alues of petroleum and its products, exporttd froni the United States duri11,g the fiscal years 1875 to 1884 inolurive. 
tint-ml oil nn<l pro<luots. 
Mhw111l, 011.uh, ••. ... ••. 
Miuf't 111, n•Hnl•tl: 
JSupbtb11!\ ............ . 
lllnmi11:1ting .•....... . 
l,uhi-h·nting ....... . 
U1·itiduum .• •• •• ...... 
'l'otnl J!,,5 ..... ..... . 
hlhtt>rnl, trn<lo .......... . 
~limHal, rl'llnrtl: 
Nnphtltu~ ........... . 
1 llnmiuntini-: . . . 
f.ubriontiD/! ......... . 
Rl'~itluum •... ... .. .•. 
'l'ot11l 1876 .......... . 
lfinoral , crude .......... . 
?.liDN'itl , rdineu: 
Nnpbthus .••....... 
llluminntiug .. ...... . . 
Lubrirating ...... .. . 
Rrsitluom ....... . ... . 
Totnl 1877 .. ... ..... . 
Mineral , r1ntle .. ........ . 
Mineral. n•ftnecl: 
Nnpbtbas ......... . 
Illuminating ...... . . . 
Lubricntiog ..... . .. . 
R~11idumu ........... . 
Total 1878 ...... ... . . 
Mineral, crudo .......... . 
Mim•ra 1, roftnr<l: 
N11phtbni1 .. •...•.. 
111nminnt i11J.t ••• •••••• 
Now York. Philadelphia. Baltimore. Boston. All other ports. Totul. 
I 
aamm,. Gallons. Gallons. Gallons. 
ll, 055, 015 $1,081,814 a, 002, 247 $324,116 --·----·--·· .... ... .... .... ·· ····------
9,405,412 .... ... ,. aao •• ,. I "'. 018 400,829 $33,717 81,180 
118, 8'15, 48tl 17,507,286 52,411,429 6,724,172 17,608,320 2,281,732 2,227,142 
388,545 104, 611 200 50 376,677 82,280 400,966 
2,391, 186 166, 790 I 804, 752 17,853 54,180 2,580 ·------------------
14'.!, 066, :!41 19,809,199 ;;8, 209, 3:!4 7,212,709 18,439,506 2,400,309 2,709,288 
I JO, 6i5, }83 ], 218,916 8,663,564 873,592 1,178,080 127,353 ........... .. ... .. . 
11,149, 7'27 ], 113, 091 3,250,942 294,492 376,051 33,671 480 
111,505,878 16,239,022 60,770,244 7,958,189 28,728,948 8,799,190 2,110,477 I 462,432 151,068 20,998 5,869 93,660 20,120 866,878 
2,286, 5(H 171,905 278,166 19,736 8,358 788 ---------- -· -------
136, 0,9, 784 , 18, 894, 905 72, 983, 914 0, 151, 878 30, 385, 097 3,981,072 2,477, 83& 
1 21,127,100 2,988,996 4,262,098 558,101 1,111,617 171,200 --·--·--·-·-
10,015,337 1,363,433 8, 499, 800 878, 412 633, 105 64,224 87,098 
'165,327, 149 35,017,410 50, 823, 652 10, 757, 806 85, 876, 575 7,472,448 8,671,122 I 907, 456 273,481 22,269 6, 143 165,206 41,421 440,644 
2, 592, 096 259, 567 466, 868 43,142 75,684 6,122 -----------· 
59, on, 682 1 11,748,604 37, s62, 181 200, 870, 038 39, 002, S93 7,755,410 4,198,859 
=-~=-- -
19, 347, 6'20 1, 911, 694 4,809,278 471,871 1,808,188 176,816 -- -----···· 
13,986,554 1,224,000 1, 994, 007 156,796 429,878 29,175 787 
198,134,569 29,001, 711 40,705, 5fi3 5,605,117 41,740,238 5,539,865 8,841,942 
1,475,219 398,556 28,697 8,087 196,124 51,229 548,440 
3,526,866 284,706 178,878 13, 598 ........... . ----------- - --- -- -------
---
236, 470, 8~8 32, 820, 667 4-7, 806,473 I 6, 255, 419 f 44, 169, 868 5,797,085 4,891,119 
====-
4,687,786 I 17,716,883 1,517,701 377, 197 1 1, 166,825 98, 292 . . .... ... ... 
11,477,029 987,145 2,720,087 207, 928 (.0(1, 782 42, 500 52, 750 
.!06, fi:!O, 000 23, ORS, 504- 70,307, 7W ' 7, 705, 74!l I 3:l, 66:l, 045 3, ~l, 700 5, 090, tl71 
Gallons. 






·--- -·-- --·· 3,570 
90 3,036 




·----· -·· -· · 818,892 
9,145 5, 34'8 
860,418 6,743,846 
151,823 6.5, 490 
---···---·-- 61,572 
1, 021,886 7,194,148 






$88 14,718,114 $1,406,018 
3,889 11,758,940 1,141,440 
119,626 101, 5!11, 933 27,030,861 
2,586 1,173,473 313,646 
380 2,752, 8-18 187,103 --
126,569 221, 955, 308 30,078,568 
-
407 20,520,397 2,220, 268 
564 14,780,236 I, 442,811 
879,078 204, 814, 673 28,755,688 
7,837 963,442 803,863 
827 2,581,404 193,206 
3ss, 713 ~43, 660, 152 I_ 32,915.786 
88,482 26,819,202 1~56, 729 
1,468 15, 140, 188 I 1, 816, 683 
1,293,049 262,441, 844 1 55,401,132 
24, 672 1 1, 601, 065 . 497, 540 
R, 524 3,196,620 I 317,855 
----







26, 986, 727 2, 694, 01 
16,416,621 1,411, 81 
289,214,541 41,518, 67 
2,804,624 689, 88 







817, 2ao 6,008,515 884, 578 838,841,308 I 46,574, 97 
:::-:-:::::-:-:: --,.,,,. 9114 187. "' I "· .,. .... : ,. 180,. 
4 


















GaUons. ' Gallons. I Gallons. Gallons. Gallons. I Gallons. 
Lnbrioating ...... . . . . l, 700,556 $452, 257 1 7,182 $3,367 20:J, 759 $56,249 478,998 $134,903 22,186 $8, 6!)2 2,487,681 $655,468 
Residuum .•. . . . . . . . . 2,684,052 173,563 144,564 7, 952 210,342 12,693 . . . . . . . . . . . . . . . . . . . 262,080 lG, 518 3,307, 038 210, 726 
Total 1879...... . ... 240,107,529 25,219,170 83,876, 298 8,392, 193 34,915,753 a; 441,434 5,622,619 780,079 _ 13,787,811 1,472,373 ;378, :no, 010 40,305,249 
.Mineral, crude .......... .. 24,034,260 1, 65~, 200 2,730, 147 160,549 ... : . . . . . . . . . . . . . ... . . . 500 65 1,533,090 114, 393 1 28, 207,997 1,927,207 
Mineral, refined : 
Naphthas . .. .. ...... . 15, 2m, 520 996,398 2,366,622 148,404 682,702 36,200 385 93 103,815 ll, 074 18,411,044 1,192,229 
lllmninating..... . . . . 206, SH, 227 23, 489, 490 77, 083, 630 6, 234, 608 17, 921, 548 1, 399, 975 4, 611, 433 507, 511 867, 985 151, 985 '
1
307. 325, 823 :n, 783, 575 
Lubricating . .. . . . . . . 4, l !'i l , 507 822,388 34,943 6. 980 307,240 68,713 000, 837 137,378 8,218 3,665 5,162,835 1,039,124 
Residuum . . . . . . . . . . . . 3, 885, 588 217, 677 395, 094 28, 161 416, 430 24, 000 . . . . . . . . . . . . . . . . . . . • . 69, 888 6, 652 4, 767, 000 276, 490 
---------
Total 1880 ... . .... . 1314, 170, 192 I '27, 178, 159 I 82,610,436 6, 578, 762 19,387,920 1,528,888 5,213, 155 645,047 2,582, 996 287, 769 423, 964, 099 36,218,625 
-- J=-c.c~~===I == 
Mineral, crude ............ , a4, 032, 428 2,601,708 5,326,528 
Mineral, refined: 
Naphthas . ... ......... 10,103,500 1,581,154 1,084,324 95,516 ..... . 
Illuminating .... .... . . 254,300,615 26, 3:14, 965 55,076,090 5,480,763 13,881,990 
Lubricating ..... .... . , 3, 85-l, 572 843,214 154, 830 30,199 266,237 
Resicluum . . . . . . . . . . 3, OPO, 364 li5, !i82 . ... . . . . . . . . . . . . . . . . . . .. . 150,528 
351,736 











687 618,732 51,333 39, 984, 844 3,005,464 
2,779 77, 523 14, fi26 17, 292, 310 1,693,976 
962,437 1,216, 156 211,541 332. 283,045 34,317,695 
128,695 0, 036 1, 789 4,852, 203 1,054,004 
317 15,582 1,412 3,247,860 184,411 
1,094,915 1, 931, 029 280, {i01 397, 660, 262 40, 315, 609 
I I -I 
Mineral, crude............ 30,326,586 j 2,802,955 4,454,946 288,581 1 · ............ . ............. .. . ... . ..... · 1·............ 523,465 37,975 41,304, g97 3,129,511 
Mineral, 1·etined: I 
Naphthas . ........... . 16,941,538 1,515,809 3,172, 703 273,848 . . . . . . . . . . . .. . . . . . . . 13,860 3,081 84,997 16,405 20,213,098 1,809,143 
Illum_ina?Dj1;..... . . ... . 342, 424, 70g 31, !,~• 515 116, ~22, 337 0, 9?3, 305 18, 188, 946 1, 431!, !89 8, 903, 437 1, 022, 455 2, 373, 608 340, 390 488, 213, ,033 44, 588, 854 
Lubncatmg ...... ..... 5,249,90 ... 1,-3::i,846 164,363 la4,443 147,997 241 022 275,122 ,76,282 70,716 21,303 6,,508,100 1,492,896 
====== I 
Residuum ............ . 3,107,328 179,709 109,410 7,258 402,828 25,500 . . .. . . .. . . . .. .. . .. .. .. .. . .. ... . . . 5,796 335 3,715,362 212,802 
Total 1882 . .. . ...... . ~~~5!J .. ~~~-~~ 124,823,759 ~~~ 18,829,771 ~~211j 9,192,419 1,101,818 3, 05~ 582_ 416,408 559,954,590 51,232,706 
.Mineral, crud~ . ............ 45, 470, 118 3, 433, 182 6, 959, 240 460, 857 . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 282, 948 20, 902 52, 712, 306 3 914 941 
Mineral, refined: ' ' 
Naphthas . ............ 15,160,531 1,166,332 1,752,328 104,117 ....... ....... . ... . .•.... 13,274 3,658 144,404 28,179 17,070,517 1 302,286 
Illuminating . ........ .. 335, 183, 695 29, 447, 160 65, 212, 757 5, 567, 659 10,983,808 871,447 6, 115, 060 702, 599 2, 325, 761 337, 709 419, 821, 081 36
1 
926 574 
Lubricating . . . . . . . . . . 8,697,040 2,029, 199 963,602 163, 720 9~, ti52 16,098 290,309 73,485 135, 739 44, 130 10,182,342 2: 326: 632 
Residuum . . . . . . ... . . . 5,068,236 409,984 240,366 15,882 227,976 15,573 .• . . . . . .. . . . . . . . . . . . 8,778 1, ~07 6,145,356 442,646 
-- == == 2,897,630 I 432. 121 505,931,622 «. 913,019 
. . . . . . . . . . . . . . . . . .. . . 6, 126 693 67,186, 329 5,302,974 
9,084 1,875 122,559 22,649 15,045,411 1,072,651 
4, 580, 010 536, 969 1 t 9:30, 539 284, 443 415, 615, 693 38, 195, 349 
246,290 71,904 106,090 35, 137 10,515,535 2,179,595 
10, !64 960 9, 282 1, 910 5, 297, 124 352, 679 
Total 1883 ..... .... . . 1410, 179,620 I 36,485,857 1 75, 128, 293 \_6, 3!2,23~1 !1,_307, 436 903, 118 I 6, 418, 643 
.Mineral, crude ............ 61,622,893 4,901,448 5,557,310 
.Mineral, refined: 
Naphthas. . . . . . . .. . . . . . 14,059,549 999,075 854, 219 49,052 · · · · · · · · · · · · 1 · · · · · · · · · · · · 
Ill~ina~ing ........... . 322, 108, 400 29, 514, 016 75, 919, 774 6, 935, 975 11, 076, 97<i 923, 946 
Lubncatmg . . . . . . . . . . 9, 065, 085 1, 858, 081 998, 373 198, 428 99, 697 16, 045 
Residuum . . . . . . . . . . . . 4,470, 060 308, 512 176, 736 9, 050 630,882 32, 247 
400,833 
779,742 
4,845,548 611,108 2,114,596 I 344, 832 513,660,092 47, 10s, 248 
I 













Q11to•tify o •r11d(1 J>f'frolc11111 11rod1m•d in, <lll(t the ,z11a11tily a11d t'alue of 11clrole1111t prod,wts c:rporlcd froni, the United States during lhojisc,il yrnrs 1864 to 
1884 inclwnt·e. 
l'roduotion (ii). Exports. 
lt"i!1o.al 1--- - ---~~-----yet\\'$ Mineral, refined or mimufactured .• Residuum (tar, onding Mioorul, orude pitch, and all other 
Juno '!:""''' (or I a,non• ]>CO· (inclnding nll natural ~ from which the light 'l'otal. 30-- 4 .. gnllooA) dnt'Nl. oils without rt'~ard proc\noetl. Nnphthas, benzine, Illuminating. Lubricating (heavy bodies have been to gra,ity). traMline, etc. paraffine, etc.). distilled). 
Gallon~- ---
GaUons. I Gallona. Galwna. Gallona (b). Gallona. 
16GI •• :?,47~. 709 104, 105, 7i8 
1~: g~~: ip~ ,$J: m: m 438, 197 . $154,091 12,791,518 $6,764.411 ··-----·-·· -·-- ----- ·---·--·-·· ...... . .. . 23,210,368 $10, 782, 689 lSO:, •• . :?, 4~J;9);; 101, ~-16. 010 480, 9-17 173,043 12,722, 00.5 9,.520, 957 --·-··--··· ---------- · 25,496,849 16, 5G3,413 
1866 .... , :1, 16,i, 700 132, 959,400 16,057,043 11, 015, 0'.!l 673,477 188,825 34,255,921 18,626, 141 ·-·-- ···- -· -------···· 50,987,341 24,830,887 
1867 .. . , 3,691,000 150, Hf>!l, 800 7,344.248 1,861,001 22.J., fiT6 :?4, 17:'i 62,686,657 22,509,466 ·--------·· ---··-·-··· 70,265,481 24,407,642 
18llS . ... 3, om, 7110 1:;1, 775, 77t! l(), 029, 650 ], 56~. 93:l 1,517,268 267,673 67, 9t19, 961 HI, 977,870 .............. 79,456,888 21,810,676 
1860 ••.• : 4, 0-10, 558 169, 055, 4:lO 13, 42:i, :i66 :!, 904,404 2,673, L94 445, 'iiO 8.J., 403,492 27,036,137 c134, 532 $51,122 ----------· 100,636,684 31,127,433 
187(1 •• I 4,411, 010 185, 20:!, 072 10,403,314 2,237, 29'.! 5,422, 0,:4 564, 86-! 9T, 902, 505 29, !?64, 193 c6, 871 2,611 ---------- 118,735,294 32,668,960 
usy~ .. -· 6,658, 7i5 2:l3, 468, 5.30 A, 859, ll:JS 1,071,847 7. 209,502 746,797 132, 601!, 955 34,138,736 c59, 632 22,660 c155, 474 $14,770 149,892,691 36,894,810 
Ul1 .... (i, 84:?, 497 ~45, 384, 874 13,559,708 2,307, 111 8, O!L'. 635 932,160 122. f-39, 575 30,566,108 541,419 211,287 438,186 41,724 145,171,583 34,058,390 
18i~ .... 7,242,3 13 304, 17!1, 400 18,439,407 3,010.050 0, 743,593 1,487,439 158, 102,414 37, 195, 735 748,099 277,il06 781,074 79,506 187,815, 187 42,050,750 
1874 •• • 
1 
u. 188,741 I 409, 927, 122 17, 7i6, 4l0 12, 090, O!l6 9, 737,457 1,038, 622 217, 220, 50-! 37,560.995 1,244,305 404,243 1, 8:!7, 798 142, 2-99 24 7. 806, 48'! 41,245,815 
1875 . . . 10, 083, S:?8 423,520, 7i0 14, 7Hl, lH 1,400,018 11,758,940 ), 141,440 19], 551, 933 27,030, 361 1,173,473 313,646 2,752,848 ]87, 103 221,955,308 30,078,568 
1870 . •• 8,823,142 370,571, 00,1 20, G::0, 397 2, :!:!O, 268 14, 7S0, 236 l, 442,811 204,814,673 28,755,638 903,442 303,863 2, 58], 404 193, 206 243, 660, 152 32,915,786 
1877 .. .. · 10,822,871 454. 560, 582 26, 8Hl, 202 , 3, 750, 729 15, 140. )83 l, SIG, 6S2 26:?, 441. 844 55,401,132 ], 601,065 497,540 3,196,620 317,355 309,198,914 61,789,438 
18711 • • . 14, 738, 202 619,007, 004 26. 0:10, 72i 2,604,018 16,416,621 1,411,812 289, 214, 541 41,513,676 2,304,624 639,381 3,968,790 316,087 338,841,303 46,574,974 
lSiO ... 10,917,006 710,539, 452 '.!5, 874,488 2,180, 413 JG, 05i, 361 1,258,780 331,586,442 35,999,862 2,487,681 6,i5, 468 3,307,038 210,726 378, 310, 0 I 0 40,305,249 
1880 .. 22,382.509 9-to. or,;;, 378 28. 297,997 l , 92i, 207 18,411,044 1, 192, 229 367,325,823 31,783,575 5,162,835 1,039,124 4,767,000 276,490 423, 064, 699 36,218,625 
1881. . .. 
1
,. ..... 363 r 083 • .,,. '" 39. "'· SH I '' 065, "' i "' '"· 310 1,603,075 31:12, l:S3, 045 34,317,695 4,852,203 1,054,064 3,247,860 184,411 397, 660, 262 40,315,609 1882 • • . 28,650, ISL 1, 2113, 307,602 ~l· 30t, 997 3, 1:!9, 511 20, 2!3, 0~8 1, 809, 143 4El8. 213, 033 I 44,588,854 6, 508,100 l, 492,396 3 715 362 212,802 559, 954, 590 51,232,706 
1883 . ... 26,002,808 1,119,837,936 "-, 7~~. ~~6 ~· !114, 9!1 1?, o ,o, 5.,7 1 1,302, 2~6 419,821, 081 136,926,574 10,182,342 2,326,632 ·5: 145: 356 442,646 505, 931, 022 44,913,079 
1884 .••. 23,744, 9:M 097, 286,808 07, Hi6, 3_9 o, 302, 914 1:,, 045, 411 1,072,601 415,615,693 38,195,349 10,515,535 2,179,595 5,297,124 352,679 513,660,092 47,103,248 
a .As a given numbor of gallons of r efined petroleum repl'esents t.he product of a larger number of gallom1 of Cl'nde petroleum, it is necessary to reduce the ex_ports of 
pctroll'nlll to their equivalent in crude oil , in order to arriTe at a knowledge of the percentage of the total product of mineral oil exported. It has been ascertained, as the 
result of a careful computation, that the qnantity of petroleum and its distill ed products exported dming the year ended June 30, 1878, was equivalent to 407,482,175 gauons 
of c1uue oil; or in other words, t1111t 1he c:>.porti:; ofpl•troleum com,titutccl about 66 rer <-ent. of the production. A larger percentage of the mineral oil product of the country 
is exported than of auy other product, except cotton 





















FOREIGN SOURCES OF PETROLEIJiU. 
Russia.-The petroleum district on the Caspian sea, in the vicinity 
of Baku, has within the past few years attracted much attention. Not 
that it has recently beeu discovered, for as early as the reign of George 
II. of England the petroleum produced here was an article of commerce. 
Statistics show that in 1813 3,000 tons of oil were exported from Baku. 
Recent attention to this field has rather been caused by the gradually 
increasing competition between this oil and American petroleum, ren-
dered possible by the greatly increased development of the field since 
1872. 
The oil fields in this locality have an area of about 14,000 square 
miles. But little is known of the geology of the region, but from the 
data at hand in regard to the depth and proximity of producing wells 
throughout the district, the inference must be drawn that there exists 
no single large pool of oil under the surface. There seems to be no 
common depth or horizon from which the oil is drawn-none even as 
regards wells in very close proximity to each other. Thus recently, in 
one locality, there were four producing wells within a few yards of one 
another, yet all producing from different depths, the fir8t striking oil at 
250 feet, the second at 560 feet, the third at 280 feet, and the fourth at 
:350 feet. It has also been noticed that a flowing well may be struck in 
t he immediate vicinity of a pumping well, and will produce immense 
volumes of oil, the pumping well at the same time continuing to pro-
duce its regular quantity without any diminution wb:1tever. All ac-
cessible facts appear to demonstrate the theory that the oil-bearing 
strata, origi11ally running regularly in an almost vertical position, be-
came dislocated by some dynamic agency, and an irregular cellular 
character was thus given to the petroleum deposits. 
The flowing wells or fountain1-1, as they are very properly called, are 
a very remarkable feature. These cast into the shade American'' gush-
ers." The largest production of an American oil well on record is that 
of the Armstrong well, in the Thorn Creek district of Pennsylvania, 
w hkh in 24 hours produced 10,000 barrels or 420,000 gallons. The 
largest product of a Rus ian well on record is 2,000,000 gallons in 24 
hdur , nearly five times the best American record. Flowing wells 
yielding from 1,000 to 4,000 barrels per ·.day, rarities in Pennsylvania,, 
are common at Baku, and the ordinary yield of "pumpers" is from 250 
to 600 barrel per day, many of these continuing their production for 
years without diminution. Fountains also frequently have great stay-
ing power, one being truck in 1879 which for three months spouted 
oil at the rate of 4,000 barrels every 24 hours without cessation, a pro-
<luction which no American well has ever kept up for more than a few 
<lay . 
For many year the production of petroleum at Baku was a crown 
monopoly, and heavy taxe' were al o levied on it. Owing to these 
r pres ing influence , in 1872, when the monopoly was aboli hed, there 
2...,) v- MINERAL RESOURCES. 
were but two drilled wells in the region, the oil being derived generally 
from hallow pits, of which there were 415 in the district. 
The following statistics show clearly the rapid rise of the industry 
sine ~872, and especially since the repe~l of the excise duties in 1877. 
The pood contains about 4 gallons, and · is hence about one-tenth of a 
barrel. 
Production of pefroleum in the Baku. dist1·iot since .1840. 
Years. 
1863 . ········• .•••••.• •..••• •••.•. •• .. 
1864 ........ •••• . ••.... ..••.•.••. .••••. 
1865 ... . . ...••••.....•.•••••..•..••••. 
1866 ..... ... . ....•••••• .•...••. .• .••. .. 
1867 . ....... .. . ..... .. .. ... ........... . 
1868 .. . .•. ··•··•·••• •••••••••• ......... 
1869 .. .••• ··•·•· ·····• • · •·••••• .••...•. 
1870 ... ••..•• . ............••••..•• .. ... 
1871 . . .....•.• •..•••••••••••• .••• · · 
1872 .. .•.... • ..•..•.........•.... .••••• 
















1876 .................. ... ............ . 
1877 .•••...•...•.••..•••••.•........•. 
1878 .• .. . .•.•.•• . .• -•• . . .•.••• · ... . •• . 
1879 ...•••.......••....•••••. ·- · .••... 
1880 .•••••.•...•. .. •...•• . •••••..•••.. 
1881. .•.•..••••..•••.•.•••. . •••••• •... 
1882 ..•••..••• • ...•.......••.•••.•••.. 












The following figures give the number of wells in the district for cer-
tain years iu the past : 
Number of toells in the Baku district at different periods. 
Yean. 
1871. •...•.• . .••••....•.. · •.•.••. · · · · .••... 
1872 . ....••.••••••.•...•.•••..•.••..• . ...•. 
1873 . ......• • ..........••• .• •• •••••...•.•.. 
1874 ..••••.••..•..•••..•••••••.••.......•.. 
1875 ...... ···•·• ...•......•••• ••.•.••...... 
Wells. Years. 
1 1876 .. .•••.••••..•••••. •.. .•••• ••••.. •••.. 
2 1879 .•.•.•.•• ..••..•••. . .•••• . ·••••• ·••••• 







Estimated consum_ption.-The total consumption of natural gas issuing 
from numerous wells in the western part of Pennsylvania and in the 
adjacent parts of New York, Uhio, and West Virginia, during the cal-
endar years 1882, 1883, and 1884, has been estimated, as follows, from 
detailed statements by Mr. T. P. Roberts, of Pittsburgh: 
Estirnated value of natural gas consumed in 1882, 1883, and 1884. 
Years. 
I 
Pitts1?urgh I Elsew~ere. region. 
1883 .....................................••.... ···-.... .. .• . • . . . . 200,000 275,000 
1882 . __ . ______ . _________ _______ _______ . _____ . __ .. ___ ___ .. __ . _____ .
1 
$75. 000 I $140, 000 






These values are based upon the value of the coal that has been sup-
planted in furnaces now using gas. Although it is possible to estimate 
roughly the volume of gas consumed in these furnaces by considering 
the average number of cubic feet of gas which replace a ton of coal, in 
cases where this quantity has been measured, such an estimate will 
g;ive no idea of the total production, since a very large amount is wasted 
when not in use in the furnaces, no provision having been made for stor-
age. Hitherto it has not been the usual practice to meter the gas. 
It is possible that the production of future years can be obtained in 
cubic feet. The consumption in the Pittsburgh region for 1882 and pre-
vious years was limited to the Etna Iron Works, of Messrs. Spang, 
Chalfant & Company. During the latter part of 1883 gas began to be 
used more generally in the various iron and glass works of Pittsburgh. 
The following account of the natural gas industry has been compiled 
mainly from notes furni bed by Mr. W. S. Jarboe, of Pittsburgh: 
Oharacteristics.-Natural gas obtained from the wells in Pennsylvania 
and el ewhere consist principally of the hydrocarbon " marsh gas," so-
called becau e of its frequent occurrence among the products of vegetable 
decay. Thi marsh gas, which ri es from stagnant pools, contains, how-
ever, nitrogen and carbomc aci<l in larger quantities t,han natural gas 
from deep borings. Natural ga contains small quantities of other hy-
drocarbons, such a ethane and propane, and traces of the vapor of less 
volatile members, all of the paraffine or petroleum series, of which marsh 
gas i the first member. In addition to these the gas contains hydrogen 
and trace of carbonic acid, carbonic oxide, oxygen, and nitrogen. 
2.'l3 
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It has been tated that ethylene and other hydrocarbons of the series 
known as'' olefines," which give the illuminating power to coal gas, oc-
' cur; but the evidence upon this point goes to prove the contrary, for 
the work of S. P. Sadtler in 1875, and · of several later analysts, has 
, hown that no trace of addition products can be obtained by p ,1ssing 
large quantities of ga through bromine, except with gas from the north-
ern portion of the field. The presence of ethane and propane has been 
shown by separating them with absolute alcohol, through which a large 
quantity of gas was passed. When taken from the wells the gas bas a 
p culiar odor like that of naptba; it disappears if the gas is left for a 
uumber of hours in a closed vessel; the odor is probably dne to traces 
of vapor of hydrocarbons higher than propane in the paraffi.ne series. 
The tables of analyses show the variations in composition of natural gas 
from variou_s sources. Although there may be some question as to the 
care taken in determining the proportion of ethane, propane, and hy-
<l.rogen in some of these analyses, they afford valuable proof of the fact 
that in all the sources marsh gas is the important constituent . 
• 
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Occurrence.-Natural gas bas been found in varying quantities in 
}Tew York, Pennsylvania, West Virginia, Ohio, Illino:is, Kentucky, 
Alabama, Kansas, Dakota, and California. _ 
In New York it has been found in Ontario, Allegany, Cattaraugus, 
and Chautauqua counties. · 
In Pennsylvania in Erie, Warren, McKean, Forest, Venango, Clarion, 
Butler, Armstrong, Lawrence, Beaver, Allegheny, Westmoreland, and 
Washington counties. 
In West Virginia in Hancock, Brooke, Ohio, and Marshall counties. 
In Ohio iu Jefferson, Cuyahoga, Wayne, Knox, Crawford, Hancock, 
and Wood counties. · 
In IBinois in Champaign county. 
In Kentucky in Meade and Martin counties. 
In Kansas in Miami county. 
In Dakota in Davison county. 
In California in Los Angeles and San Joaquin counties. 
Since crude petroleum is a, mixture of hydrocarbons ranging in prac-
tically unbroken series from solid paraffine down to the most volatile 
liquids, anu even containing the gaseous members such as marsh gas 
and ethane in solution, uatnral gas is looked for in regions where petro-
leum is found; and although it has been obtained outside of tbe 
petroleum localities, it is found in the same sandstone for~ations which 
yield petroleum. Until 1883 nearly all the gas wells in Pennsylvania 
had been discovered in the effort to obtain oil. The same methods of 
drilling wells have been used as for petroleum. The cost of a well is 
about the a-me as that given for petroleum wells in "Mineral Resource · 
of the United. State , 1882,'' page 196. Gas wells vary in depth from 
light xcavations at Fr donia, New York, made in order to confine 
ga which bad alr ady reached the urface through natural rnnts, to 
well more than 2,000 feet <leep, in which gas was found 500 to 1,000 
feet b 1 w the cond oil and. Ordinarily the wells in Penn ylvania 
vary from 1,100 to 1,400 feet in depth according to the surface con-
figuration abov the · coud Venango oil 1:,an<l, in which it i, claimed by 
rof. I. . White that all the important well1:, are found. 'l'be follow-
ing ar recorcl of rata pa ed through in drilling some typicd welL : 
ction tra ·ersed in the Tarentum field, A lleghffiv county, Pennsyl,i;ania. 
__ C~racter. _ __ _ _:_-:'.:__I Chon.cte, •--Fe-et_. _ 
arfacefonnation .... . ...... __ ··-· 0 to 16 late . ·-·······- ··· ···· ··-·- ·· ··-· 411 to 423 
w .. ·-······· ···--·····-· ······ 16 46 and ... ·-···············-·····-.. 423 59 
Bluff .... -··-·--···· · ······ - ······· 46 106 Vecy etron,:tenltwaterat .. - .. ·- 449 
·1ate .. ·--········-········· :·-·· · 106 206 anct, "ebell ," andelate .. __ .. .... 598 860 
Veryabarp 1 nd .. ·-········ 206 296 Hardwhiteeand . ...... .. _ ... ... . 860 005 
Sb ·-· ··· · ··-·· ·····-····· -··-- · 206 336 latewithbard "ehell" .. .. .. . -. 905 1,147 
d·-· · · ··-·-····· ·-···-···- ·· ·- · 836 411 Heavyflowofga at·-· ··· ·-·--· · 1,147 
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Section of well in Murrysville district, Westmoreland county, Pennsylva11,ia. 
Character. Feet. Character. Feet. 
- -------------- ----------












270 I LiJ:?;ht blue sand ................. . 
278 
1
, Dark blue sand ................. . 
965 to 1,000 
Coal ...... ..... .................. . 
Sand and slate ................... . 440 Red slate and hard yellow "shell" 
530 , Illue slate and ''shell" ......... . 
1,000 1,130 
1,130 1, 150 
1,150 1,270 Fine, bluish gray sand .......... . 
Slate . . .. .............. .. ........ . 567 ' Soft slate ......... .. .......... . .. 1,270 1,285 
Red rock ....... ................. . 573 Sandy slate . . . . . . . . . . .......... . ], 285 1,312 
Yellow sand and clear salt water .. 590 Soft black slate ................ . . 1,312 1,315 
Slate .. . ......................... . 
Dry, yellowish white sand ...... . . 
Sand and slate...... . . . . . . ...... . 
White sand . .................. . 
605 I Hard white sand ... . ............ . 
663 Slate and streaks of sand ....... . 
710 Soft slate ....................... . 
960 
1 
Top of gas sand ................. . 
1,315 1,337 
1,337 1,414 
1, 414 1,416 
l, 416 
late ... ........ ...... ........... . 965 
Section travtrrsed by a gas well at Wellsburg, West Virginia. 
Character. Feet. Character. Feet. 
Yellowclay ........................... .. ........ . . 
Blue clay . . . . . . . . . . . . . . . . . . . . . . . . . 20 to 40 
First gas struck.................. 45 
Gravel...... ... .............. ..... 40 72 
Fourth gas vein .. ,.............. 400 
Sandstone . . . . . . . . . . . . . . . . . . . . . . 388 to 403 
Cased. .... ....................... 410 
Slate and shale.................. 403 478 
Casing . . . ... ....... .... ... ...... 72~ 
~lue sandston:e............. ... . . . 72 78 
Second gas vem ......... : ....................... . 
Black slate . . . . . . . . . . . . . . . . . . . . . . . 78 113 
Fireclay. . . . . . . . . . . . . . . . . . . . . . . . . . 113 . 135 
White sandstone . . . . . . . .. .. . . . . . . 135 147 
Fifth gas vein . . . . . . . . . . . . . . . . . . . 535 
White sandstone.......... . . . . . . 478 553 
Salt water ...................... . ......... . 
Gray sandstone.................. 553 583 
Blue sandstone:................. 583 623 
Coal . .. . . . . . . . . . . . . . .. . . . . . . . . . . . 623 · 629 
~i:::1~!.::::·.:·.·.·.·.·.·.·-·.:::::::::::: m m 
Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 199 204 
Slate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 629 660 
Sixth gas vein...... . . . . . . . . . . . . . 7fi0 
Whit,e sandstone................ 660 800 
Cased o:ff first water. . . . . . . . . . . . . . 208 Slate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 850 
~~::1~:v :·.·.·.·.·. -_-_:·:.:: ::::::: :::::: ~~! ~~! Salt water. . . . . . . . . . . . . . . . . . . . . . . 850 White sandstone . . . . . . . . . . . . . . . . 850 900 
Slate and shale........... . . . . . . . . . 234 274 
Third gas vein...... . . . . . . . . . . . . . . 287 
Cased again . . . . . . . . . . . . . . . . . . . . . 300 
Whitesandstone...... .... .. ...... 274 314 
State. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314 388 
Seventh gas vein. . . . . . . . . . . . . . . . . . . . . .......... . 
Erie shale . . . . . . .. . . . . . . . . . . . . . . . 900 . 1, 300 
White sandstone ................ 1,300 1,310 
Large :flow of gas . . . . . .. . . . . . . . . 1, 310 
In regard to the occurreuce of gas outside of the oil district, Prof. 
Edward Orton (a) says of the wells in northwestern Ohio: "I have 
lately examined the carefully kept records of six of these wells [in Han-
cock and Wood counties]. They agree entirely in their main features. 
All begin in the Upper Silurian limestone, and all find their main ~mp-
ply of gas iu the Trenton limestone. The section furnished by them is 
a follows: 
Character. 
• Tia~~ra limestone, i:rray and blue, clolo. 
m1tic .. . .. . .... ....... . . .... . ...... . 
Xiagara (?lay , a characteristic bed in cen· 
tral Ohio ...... . ........... . ... . ....... . 
Clinton limestone and shale, highly col. 





Character. I Feet. 
Medina Rh ale, red and blue . .... . ....... . I 50-100 
Hudson River shale, gray an1l blue...... 400-500 
Utica shale, dark, almost black in places. 275 
Trenton limestone...................... . 300 
:Bird's-eye limestone . ... . ................ (?) 
• The Trenton lime tone was drilled through in but a single well. 
The ga obtain d from the well is delivered with moderate pressure. 
It contain a notable quantity of sulphureted hydrogen." 
a cience, vol. 5, page 474. 
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History.-The fact that an inflammable gas issues from certain 
springs and also from :fissures in the earth has been recognized for a 
very long time, but the first recorded use of such gas for the purposes 
of illumination, etc., was at Fredonia, Chautauqua county, New York, 
in 1821. The gas was obtained from a spring on the north bank of 
Canada-way creek in the village. The spring was excavated to a slight 
extent, covered~ and the g.as conveyed to a small copper holder, and 
thence piped to a mill and several stores for illumination. The gas 
from this well, which was sufficient for thirty burners, was used alone 
until 1858, when another well was sunk in the north western part of the 
village. The new well consisted of a shaft 30 feet deep, 6 feet wide at 
the top, and 14 feet at the bottom, with two vertical borings, one 100 
feet and the other 150 feet deep. In 1865 the Colburn well, 1,250 feet 
deep, was added to the Fredonia supply, which at present amounts to 
6,000 cubic feet per day. After gas was found at Fredonia, such occur-
rences were frequently noticed and sometimes used. 
In 1823 Mr. John Klingensmith, sr., while drilling for brine on Brush 
creek, 4 miles from Greensburg, Pennsylvania, struck a crevice in which 
o much gas was found that it took fire and burned the cabin in which 
the men slept. Judge Campbell, of Westfield, New York, supplied the 
light-house at Barcelona, a small harbor on Lake Erie, from a spring of 
natural ga. , by contract with the National Government, until the light-
hou e was abandoned, in 1856. In 1827 it was proposed to supply the 
ligt1t-house at Dunkirk, New York, with gas from the Matteson spring 
at Fredonia, but the project was abandoned from difficulty in trans-
porting the ga . The numerous borings for oil at Titusville, Pennsyl-
va,nia, in 1859-'60, yielded more or less gas as well as oil. Public notice 
wa fir t directed to it quantity by the burning of the Rouse well ou 
il ere k, where a large number of lives were lost by the explosion of 
0 ·a ·. It wa then con idered more of a nuisance t.han an article of 
. va1n ; little was u eel a fuel, and it was usually piped from the well 
to a afi <li ·tance to di po e of it by burning. In 1867 two wells were 
bor d near Rocky river in the village of East Rockport, near Cleveland, 
Ohio, which have ince that time upplied about twenty house with 
light an l partly with heat. 
Th u of wa t ga from the P nu 1 vania oil well begc\n in 1872 or 
1 7' in Butler ounty, wb n tb I airview well, 1 mile west of P trolia, 
wa · un ct d by ip with Fair iew, Petrolia, .Argyle, and Karn · 
ity · in 1 7, 4 b i1er , pump -tation · on tb line , 200 ga ' burner 
and 4 c kino- ' t Y w r t d from tbi · well. Many large w 11 have 
tru ·k in Butl r ·ounty. r min nt among th m ar tlu• 
h lph, ' farm thr -fourth of mile outlt f ain 
; th lam t r w 11, n -half mil fr m the former; th 
11 n r Lar Ii11 , lint u t w hip; Saxon Station ll, \ in-
fl l t wn r :l in 1 74 aud are till aluabl , th l t 
fit · nll, , i h heat, id b ing utiliz d 
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for t.he manufacture of lampblack. Since 187 4 twelve other wells have 
been bored in Butler county, and have been used in supplying the plant 
of Spang, Chalfant & Co., being piped 18 miles to their mills near Pitts-
burg·h. In these mills gas is now used under twelve boilers, in nine 
heating furnaces, and in twenty-eight puddling furnaces. Some of the 
oldest of these wells are still furnishing large amounts of gas ; others 
failed after four to six years' use. Several other wells have been drilled 
in Butler county within the last two years, and the region is still being 
developed actively. In 1872 the gas from the 1Titus-dlle oil region was 
led from Newton well, in Oil Creek township, Crawford county, to Titus-
ville and introduced into dwellings, refineries, etc. The flow decreased, 
however, until it finally was of no use. ,vith the exception of this 
transient use in Crawford county the development of the gas industry 
in Pennsylvania followed a circular path, with Pittsburgh ~at itR cen-
ter. From Butler county the discovery o( gas weJls extended to Kit-
tanning, Armstrong county, in 1876. In 1880 a well was applied to 
the rolling.mill of the Kittanning Iron Company. Developments at 
this place have been continued. In June, 1883, a second well was :fin-
ished, adjoining the old one, and in September, 1884, a third was added 
to the supply of the rolling-mill, where thirty-six puddling furnaces and 
eig·hteen boilers consume, in all, perhaps, 1,000,000 cubic feet of gas per 
hour. In 1878 an enormous volume of gas was found in a well on the 
Remaly farm, at Murrysville, Westmoreland county. In.August, 1883, 
a econd well was bored, and in April, 1883, another on Lyon's run. 
The gas from these wells was piped to Pittsburgh, by the Penn Fuel 
Company. The Fuel Gas Company finished two wells in the same 
region in 1883, and by consolidation all these wells were connected 
with Pittsburgh, and began to S4jtpply that city with natural gas. In 
188:3 the Acme Gas Company drilled a well on Remaly farm, but di<l 
not get enough gas to pay for piping it. Their next venture on Lyon's 
run was more successful. According to Messrs. Boulton and Double-
day, of the Acme Qornpany, several ~ns have been drilled as far as the 
ga sand, and only require a few hours' work to produce gas when it is 
needed. This company has an 8-inch wrought-iron pipe, 8 miles long, 
from their well to the Edgar Thomson Steel Works (Carnegie Bros.), 
at Bessemer station, on the Pennsylvania railroad, and theuce a 6-inch 
pipe to the Pittsburgh Bessemer Steel Company at Homestead, on the 
, outh side of the Monongahela river. When the Edgar Thomson works 
are running to the full capacity the gas consumed takes the place of 
-100 tons of coal per <lay. According to Capt. William Jones, the co11-
umption at the Home tead works i equivalent to 300 tons of coal per 
day. The Acme Company al o supplie one glass house, the boilers at 
the poor farm, and i now introducing pipes into Braddock for heat-
ing and lighting. According to Mr. Scott Verner, the Carpenter N atnral 
Ga Company ha incr a ed tlte yield of Westmoreland county by a 
well on the Daum farm in Penn township, from which gas is piped to 
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another very ·large well was drilled on the Crist farm, about 1 mile from 
Tarentum. It is owned by capitalists, who propose to utilize it for man-
ufacturing. .A number of other wells are drilling in this field. The 
immediate vicinity of Pittsburgh was considered a salt-water district, 
on account of the several large salt-water wells drilled by the salt man-
ufacturers and by the record of the deep well drilled on Boyd's hill. 
This well was begun early in 1876, and at a depth of 1,588 feet a con-
glomerate was found, supposed to be. the upper Berea grit; from thia 
depth to 1, 700 feet the same strata extended and produced an immense 
volume of salt water, 11° strong. The flow was estimated to be 
about 3,000 to 4,000 barrels per day. The well was drilled to 2,300 feet, 
but no oil or gas was found in any quantity. On May 29, 1884, Mr. 
Westinghouse struck an immense gas well on his premises at Home-
wood, inside of the limits of Pittsburgh. This well when first struck 
showed a pressure of 15 to 17 pounds when blowing freely from a 
5finch pipe; but it began to diminish, and twenty-one days from the 
day it was struck it had lost 60 per cent. of its flow, and in October, 
1884, it had settled down to an ordiuary well. Its flow when first struck 
was estimated. to be about 20,000,000 cubic feet per day. Westinghouse 
No. 1 was plugged with long wooden plugs at the gas horizon, so as to 
allow the well to be reamed out down to the gas. When the plug was 
drilled out, the force of the gas was so great that the plug, drill, and all, 
weighing in the neighborhood of 3,600 pounds, were blown from the 
well through and above the derrick. This strike started a perfect 
furore in gas drilling. .A well was starte·d on the Park Bros. & Oo.'s 
lot, Thirty-first street; others at Moorhead & McClain's, Jones & Laugh-
lin's, Chess, Cook & Co.'s, and Painter's mill. These all proved to be 
salt-water wells. The Fuel Gas Company's venture, about 1,000 feet 
nearly due east from No. 1, proved to be a dry bole. .Around Home-
stead many more wells were started. Mr. Westinghouse started Nos. 
2, 3, and 4. The Penn Fuel Com_pany obtained a small well, the Fuel 
Ga Company a dry hole, and Dillworth Bros. a small well. Messrs. 
J.M. Guffey & Co. drilled a well about one-half mile northeast from 
W estinghou e No. 1, and got a very fair yield of gas. Several wells at 
Brm~hton station were bored, but yielded little gas. A fair well was 
obtained by Mr. Howard Morton, on Four Mile run, in October, 1884, at 
a depth of 1,715 feet; but in attemptiug to increa e the yield, salt water 
wa truck and ruined the well. This was also the history of two wells . 
at Elr.od's tation, Baltimore and Ohio railroad. New wells are con-
tantly being added to thi Pittsburgh region. 
B ide ' the local well the Butler county, Murrysville (Westmoreland 
county), \'\ a bington county, and Tarentum regions supply gas for 
Pitt. buro-h. The gr ater part of this gas has been brought .from the 
1urrysville di 'trict by th , Penn Fuel Company's and the Fuel Gas 
Com pan)' ' line ' , Th former has one 8-inch lipe and one 5{-inch line. 
The latter ha two 5¾-inch lines. These two companies have united, 
2 r R--16 
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and are now laying a JO-inch line in addition to. the four · in use. This 
combination alone has supplied the following list of consumers; the 
li t bows the number of puddling furnaces, boilers, leers, glPry holes, 
brick kilns, etc. : 
Furnaces, etc. No. ,No. Furnaces, etc. INo. 
- ·l.--------1--11---------.-
Furnaces, etc. 
Boilers ... . .. . ... ... . ....... . 168 Leers ........ _.. . . . . . . . . . . 76 
Open-hearth furnaces .... . .. . , 6 Other small furnaces...... 30 
Crucible furnaces...... . . . . . . 10 Bakers . . . . . . . . . . . . . . . . . . . . 3 
Puddling furnaces .... ____ .. 85 Mufflers . . _................ 2 
Heating furnaces ......... ... I 83 Annealers. __ .... _... . . . . 62 
Sand ful'Daces . ............. · 1 4 1 Core ov:ens. · .. ............. 122 
Hammer furnaces ....... . .. . 10 Japannmg ovens.......... 2 
Glass-melting furnaces . ...... 7 Calcining ovens....... . . . 2 
Glory boles .................. i 55 Brick kilns . . . . . . . . . . . . . . . 29 
Dr.ving :floors ...... . - ..... . , 4 
Ladle burners . .. ... . . . . . . . . 7 
Blow furnaces . . . . . . . . . . . . 12 
Flattening ovens . . . . . . . . . . . 6 
.Bending furnaces . . ... ... -1 4 
Butt-weld furnaces . . . . . . . . . 4 
Lap-weld furnaces ....... .. · 1 2 
Although the sources given thus far represent the most important 
features of the indp. try, inasmuch as they supply Pittsburgh, the use 
of natural gas has lately been extended to several other districts, some 
of them far removed from Pennsylvania. In 1884 two wells drilled on 
Raccoon. creek in Hopewell township, Beaver county, were used to sup-
ply the towns of Philipsburg, Beaver, Rochester, New Brighton, and 
Beaver Falls, and everal other wells are to be drilled in the same local-
ity. More than sixty well have been drilled in and around Erie, Penn-
ylvania. The number of companie chartered to supply natural ga in 
P nn ylvania up to February 5, 1884, was one hundred and fifty, rep-
re enting a capital tock of $2,160,580. Since that date a iarge num-
ber of new charter have been granted. 
In W st Virginia the Barclay well was bored expressly for gas near 
Well. burg, and ba l> en u ed for upplying tbat town with light and 
h at; it furni he fuel for . a paper mil1, the water works, a machine 
b p and planing mill a nail and rolling mill, and som two hundred 
and fifty dw lliug , be id ' churche , halls, etc. Of six other well in 
thi di trict four ar valuabl . Aero the river, at Brillia,nt, a similar 
w 11 i · al o in u . At Mound ville, Mar ball county, gas wa found in 
th pring of 1 y a party of Pitt. burgh capitali ts while drilling 
for oil. The w 11 wa ruined by boring deeper and triking salt wat r. 
In Ohi ga wen hav be n known for twenty year or more at Ea t 
Liverpool and ew umberland; in 18 4th y were applied to beating 
an l lighting tho t wn . In Cleveland the Bru h Electric Ligbt (Jom-
pan i u ing ga fr m a private well, and the Clevelaml Rolling Mill 
i rin n . Th J eft r on Iron ork :fini bed a well for their u e 
at t ub m·ill in 18 3. 
nd ga m ani 
Fin l y and 
p uy h di cov r d g in a w 11 bor d for wat r to a d pth 
fe · th mpan · i pr p rin t u th ga for h ating pnrpo an l 
<•v nt uall £ r li btio th uil ing. 
ntu ·ky n ar Loni ille, near War:fi ld in 
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Martin county, and at Paducah; in Indiana, at Vernon; in southern 
illinois at Metropolis, in Massac county; in Alabama, near VilJage 
creek; in Miami county, Kansas, 6-½ miles east of Paola (according to 
Mr. E. C. Wickersham, of the Paola Gas Company, this well is to be 
connected with Paola for illuminating purposes); at Mitchell, Davison 
county, Dakota; and near Stockton, San Joaquin county, and in Los 
Angeles county, California. 
The following towns, among others, were using natural gas for do-
mestic and manufacturing purposes at the close of 1884: 
New York-Olean, Wellsville, Bolivar, Richburg. Rochester, Cuba, 
Fredonia, and Gasport. 
Pennsylvania-Pittsburgh, Allegheny, Washington, Kittanning, Oil 
City, Titus,ille, Foxburg, Erie, Clarion, Parker, Bradford, Freeport, 
Butler, Tarport, Braddock, Tarentum, Manorsville, Creighton, Fairview, 
Petrolia, Argyle, Karns City, Warren, and McKeesport. 
West Virginia-Wellsburg. 
Ohio-Cleveland, East Liverpool, Steubenville, and Wooster. 
Foreign ocaurrences.-NaturaI gas has been found in considerable 
quantity at Baku, on the Caspian sea, at oil wells drilled by Messrs. 
Nobles. In China gas has been used for years in the district of Tsien 
Luon Tsing. The gas is said to come from the great depth of 3,000 feet. 
It is carried away in bamboo pipes and burned from these pipes by 
means of clay pipe burners. These are the oldest wells on record. No 
record can be found as to the method used in drilling them. 
Use.-N atural gas has thus far been used more as a source of heat 
than of light. The question of its use for heating purposes depends 
primarily upon the temperature which can be obtained with it under 
the most favorable conditions; then, whether the amount of gas neces-
sary to keep a given furnace at the required temperature. can be obtained 
at a price comparable with that of coal. For heating steam boilers the 
gas answers well, and in many cases without any material change in the 
arrangement of the furnace. In Pittsburgh it has proved successful in 
the more important application to all the forms of iron manufacture, ex-
cept in blast furnaces. For some time it was feared that the tempera-
ture necessary for casting steel could not be attaine<l, but by making 
suitable changes in the furnaces the gas is now used with peculiar ad-
vantages in this industry. It is also used in the Siemens regenerative 
furnace of the Edgar Thomson Steel Works. Among the prominent 
advantages of ga for use in iron works are: (1) The ease with which 
the fire can be controlled; the fire is steadier and therefore involves less 
wear upon tlie furnace. A furnace can be raised to a required temper-
ature in con iderably les time than with coal, and the direction of the 
flame can be changed easily; (2) the quantity of fuel is regulated by a 
valve in ·tead of b.v hov ling in coal; (3) among the waste products there 
i neither a h nor the oot which affects the appearance if not the pros-
perity of every manufacturing town. As a substitute for coal, :natural 
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gas has become valuable in glass manufacture, particularly fur flint 
glass, where coal smoke may not only color the glass but renders pre-
cautions necessary against reducing the lead. The use of gas allows 
glass manufacturers to dispense with the '' teazer," whose duty consisted 
in securing an even temperature of the flame by constantly adding small 
quantities of coal. The use of natural gas in connection with the Siemens 
patents for improvements in glass furnaces has been discussed in an arti-
cle read by Prof. B. Silliman, jr., at the Philadelphia meeting of the 
American Institute of Mining Engineers, September, 1884, to which the 
reader is referred. 
As a source of light, natural gas has been used in many small towns, 
especially in th~ northern part of Pennsylvania and in New York. The 
fact that hydrocarbons of the ethylene series, which give the illuminat-
ing power to coal-gas, are seldom present in more than traces, and are 
usually absent altogether, would lead to the prediction that difficulty 
would be experienced in using the gas as a general substitute for coal 
gas. This seems to coincide with experience so far. Still there are rec-
ords of natural gas giving an illuminating power of 16 to 22 candles, 
with burners using less than the normal volume of gas ·per hour ; but 
the illuminating power seems to vary considerably, and is only up to the 
standard in the neighborhood of the wells or where the gas is still 
charged with vapor from the more volatile petroleum liquids. It may 
be quite possible, wh n more analyses have been made, to select wells for 
illuminating purposes which contain more than the average proportion 
of ethane and propane. It would be no difficult matter to enrich the 
ga with the product of the destructive distillation of naphtha, as in 
th Low proce of making water gas. This would also give the gas a 
chara teri tic odor and remove the difficulty of detecting leaks, which 
hav cau d riou explo ion in Pittsburgh. This leakage is partic-
u1 r1 ' apt o occur with the pre ent system of piping. The pressure in 
th main i o gre t that it i practically impossible to prevent escape 
at th j int , v n with th utmo t care. This exces ive pressure will 
n b r m j d y ga holder or uitable tank governors. 
ar on for l ·tri light have be n made by heating natural gas to 
a r.' high t 1 peratur , th carbon being depo ited in a very dense 
fi rm; thi i , rou , pr, ' d in mold with mola es, and baked in a 
muffl - v n. ... atural a i al o u d in the manufacture of lampblack. 
n r gc rd to th pr >b 1 duration of the ,'npply, the Li. tory how. that 
· m • ga, w •ll, have h nu,, profita ly for many ear·; tbu the flow of 
th• ;v 11 · at 1 r <loni: .... w T rk nd at Ea ·t Liverpool and Clev laud, 
hi, ii~ · n > 1im · ni ·h cl p r · i Jy. At oth )r plac w 11 hav, given 
t witliit • fo ~· w ! I· f1 m tli ir i · ~ TY; h r · haiv imini hed 
·I rly ancl 'aiJ , n ir •ly aft r , fi w • ar. . Yen well drill cl in 
u 1 r c· nut~·. 1m h·.rnia f r u. in their bal-
i t bnr h how th 
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No. 2. In use four years, still blowing, though with less force. 
No. 3. Yield poor. 
No. 4. Pressure fell from 1½ pounds to O pressure in one week. 
No. 5. Failed after four years' use. 
No. 6. In use six years; gradually failing. 
No. 7. Failed a.fter five years' use. 
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In many cases the failure of a well is not due to exhaustion, but to 
stoppage caused by solid particles collecting in the pores of the gas 
rock, or in the well itself'. This solid matter is sometimes salt, or alu-
minum smc·ate, or in other cases solid members of the para:ffine series, 
occurring with the oil and gas. By reaming and use of torpedoes, such 
wells are often restored. The force of many wells decreases rapidly on 
account of other gas wells drilled in the immediate neig·hborhood, which 
share the supply. Judging by the confidence displayed by capitalists, 
who are putting large sums of money into this new industry, it would 
seem that the two causes given above will account for the cases of 
known exhaustion sufficiently to warrant the belief that the supply of 
gas is assured for a length of time sufficient to give this variety of fuel 
an important industrial aspect. 
IRON. 
THJD MANUFACTURE OF IRON AND STEEL IN THE 
UNITED STATES .. 
BY JAMES M. Sw ANK, 
Vice President of the .American Iron and Steel .Association. 
Review of the growth of the Arnerican iron industry.-The iron industry 
of the United States has an interesting colonial history, having been 
established in nearly all the original thirteen colonies. 
The first discovery of iron ore within the limits of the United States 
was made in North Carolina in 1585, exactly three hundred years ago, 
hy the expedition fitted out by Sir Walter Raleigh, and commanded by 
Ralph Lane, which made in that year, on Roanoke island, the first at-
tempt to plant an English settlement on the Atlantic coast. 
The first attempt to manufacture iron in the American colonies dates 
from 1619, in wLich year the Virginia Company of London sent a num-
ber of skilled iron workers from England to Virginia to "set up three 
iron works" in the colony. These iron works were "set up" during 
the next three years, but before they bad made any iron they were de-
troyed by the Indian in 1622, and no further attempt to manufacture 
iron in Virginia was made for many years. 
In 1643 the first ucce sful iron enterprise in the colonies was under-
ta.k 01 n at Lynn, in the colony of Massachusetts Bay, by "The Company of 
Undertaker for the Iron Work ," composed of eleven English gentlemen 
and a few enterpri ing colonist . This enterprise embraced a blast 
fnrnac and foundry,for producing ca tings and "sowe iron," and a forge 
for r fining the ' owe iron" into" barr iron." The furnace was in oper-
ation in May, 1645, and the forge was in operation in September, 1648. 
The. e date may be accepted a definitely determining, respectively, 
the fir t ucce ful attempt in this country to make iron in a blast 
furnace and to produce bar iron in a refinery forge from the cast iron 
of th furnace. "A mall iron pot, capable of containing about one 
u rt ' wa the fir t article ca t at the furnace. In 1844 this pot was 
in the e ion of r . Lewis, of Lynn, who was a lineal descendant 
f homa u n th fir t owner of the lauds on Saugus river, on 
wbi · th iron w rk w re uilt. 
r m th ti f th tabli hment of the works at Lynn the colonial 
!though low progress. The want of the 
' ir n ud ting w r in large part supplied by colo-
fr m ·· bi tim £ rwar bot nail and other article of iron, 
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more advanced in manufacture than bar iron and castings, were still 
obtained chiefly from the mother country. 
The furnaces supplied pots, kettles, andirons, stoves, clock weights, 
and similar articles which are now supplied by foundries, while the 
forges supplied wrought iron for horse shoes, wagon tires, harrow teeth, 
and some of the nails that were needed. Some of the forges refined 
the " sowe iron," or pig iron, of the furnaces, but the most of them made 
bar iron and other forms of wrought iron directly from the ore. The lat-
ter were Catalan forges of substantially the same type as the Catalan 
forge which had been in use in Europe since the beginning of the 
Christian era. As yet the rolling mill had not been invented, and all 
wrought iron was hammered into shape under trip-hammers. 
The power used in blowing the furnaces and . forges was usually 
supplied by water-wheels which urged large leather bellows, formed 
like the ordinary blacksmith's bellows, or else upright wooden cylin-
ders, or "tubs," worked with pistons. Another application of power 
was obtained by the use of the trompe, or water blast, an ingenious con-
trivance of Italian origin, which carried a small stream of water down 
a long perpendicular box, or hollow log, the water in its descent suck-
ing in air through one or more apertures, which air passed out at the 
bottom with considerable force, while the water, through the interven-
tion of a splatter board, :flowed out in another direction. This water 
blast wa~ much used in New Jersey and North Carolina, but it was not 
received with much favor in any of the other colonies. After the Rev-
olution it was introduced into Tennessee, and in this and some other 
Southern States it may yet be found supplying the blast for a few primi-
tive forges which make bar iron directly from the ore. 
The fuel used in the colonial iron manufacture was exclusively char-
coal. No other fuel was used in the manufacture of iron in this country 
down to 1827, when anthracite coal was first used at Phamixville, 
Pennsylvania, in the puddling furnace. About 1840 we commenced to 
use anthracite and bituminous coal in the blast furnace. 
In 1717 the colonies began to export to Great Britain small quan-
tities of bar iron, and iu 1728 the exportation of pig iron to Great Britain 
also commenced. Shipments of bar iron and pig iron to the mother 
country were continued almost yearly down to theRevolution. The ex-
ports in no one year exceeded 2,500 tons of bar iron, nor greatly exceeded 
6,000 tons of pig iron. This export trade was wholly due to the scarcity 
of charcoal in Great Britain for the manufacture of iron in its coarser 
form , the use of bituminous coal as a substitute for charcoal having 
but just commenced in that country and not being perfectly understood 
or generally favored. 
For a hundred years after its settlement in 1620 Massachusetts was 
the chief eat of the iron industry in the colonies, but about the middle 
of the eighteenth century Pennsylvania became the leading iron-pro-
ducing colony, and thi distinction it has ever since maintained. 
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At the beginning of the Revolution nearly aU the colonies were actively 
engaged in the production of iron. Georgia was the only colony that 
did not at this time produce even small quantities of iron. During the 
long struggle for independence the colonies produced iron in sufficient 
quantities to supply their armies with cannon, cannon balls, musket,s, 
ancl camp kettles, and they manufactured also most of the steel that 
wa required for swords and bayonets. All the steel made during the 
Revolution appears to have been blister steel. Henry Hollingsworth, 
of Elkton, in Cecil county, Maryland, was one of the manufacturers of 
mu kets for the Continental army. Some of his bayonets were com-
plained of as being too soft, "which he ascribed to the bad quality of 
the American steel with which they were pointed.'' 
After .the Revolution the manufacture of iron in the United States 
was extended from the Atlantic coast into the interior; but the aggre-
gat production of the country dicl not greatly increase for many years, 
owing partly to tlle depressing effects of foreign competition, partly to 
the low growth of the country in population, and partly to the really 
re tricted u e of iron in the days before the introduction of railroads. 
The railroad era in the United States bad its beginning about 1830, but 
even after the new demand for iron for railroads bad been created in 
our country the influence of foreign competition operated for many 
years t prevent an active development of our iron industry. This ac-
tivity wa reached at the beginning of our civil war in 1861, the Morrill 
tariff of that year and the war itself co-operating to create a greatly 
incr a ed demand for iron of domestic manufacture, and contributing 
gr atly to the e tabli hment of the steel industry, which had previously 
.xi t d under precarious and wholly embryonic conditions. A tre-
m ndou m ch nical revolution in the production of steel has combined 
with tber infl.u nc to increase a thousand-fold the production of 
m ri an te 1. The world bas not yet learned to attach deserved im-
t th inv ntion of Be emer, Musbet, and Siemens, because 
come to much accu tomed to thanklessly receive every new 
n a a matt r f cour e and to accept its fruits as a matter of 
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In the totals for the United States the values are believed to be cor-
rect, as they include returns from every State, but some of the quantities 
given are not strictly accurate, because some of the States did not 
report quantities although they reported values. 
The figures for Pennsylvania are included in the figures for the coun-
try at large. The tons used are long tons, of 2,240 pounds. 
The iron industriJ of the United States in 1810. 
_______ E_s_ta_b_li_sh_m_en_t_s _an_d_p_r_o_d_u_ct_s. __ --, ____ 
1
_u_n_i_te_d....,~_ta_t_"'·I P,nnaylvanla. 
~~:~:~ ~rn:1!:!~:~~~-:::: :::::::::::: :::::::::: :::: :: : :: : : : :::::: 1 
Tons of cast iron made (pig iron and castings) ..•.................•..... 
Value of cast iron made ....... -~ ...... · ....••••................•.. ...... 
Number of bloomaries . .. .. ..•. .................••....•..............•. 
Tons of iron made ................................•......•.............. 
Value of iron made ..............•....................................•. 
t l~:01)~~%~1:~~i~~~~!~~~::::::::::::::::::::::::::::::::::::::::::: 
~~od~~~ in:.·tg ~::::~: ~-t;~s: ::::: :::::: :::::: :::~:::::::::::::::::: 
Value ofprodnct oftrin hammers . ....•.•.••..•••••.•.••......•.••..... 
Iifl:{i;111:lt~?iit: :: : : :: :::::::: :: ::: : : : :: ::::::: :::::: ::: : : : "f 
Value of rolled and slit iron ....•..............••••••...•................ 
'Number of naileries ..... .... . ..............................•••.......... 
Pounds of nails made ............•.............. ..... ..••..•.......... .. 
Value' of nails made ............•............. ....••........... ..•• ... .. 
153 { ~ 
53, 908 26, 878 
$2, 981, 277 $1, 301, 343 
135 4 
2,564 ...... --- ... . . 
$226, 034 $16, 000 
330 78 
24, 541 l 0, 969 
$2, 874, 063 $1,156,405 
316 50 
600 ····· · ........ . 













The growth of our iron and steel industries from 1810 until 1880 
is shown by a comparison of the figures of the above table with the 
statistics of production of each leading branch of these industries in the 
census years 1870 and 1880, as follows, in short tons of 2,000 pounds : 
The iron industry of the United States in the census years 1870 and 1880. 
* 
Iron and steel products. 1870. 
Short tons. 
Pig iron and castings from furnaces . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . 2, 052, 821 
All products of iron-rolling mills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . 1, 441, 829 
Bessemer steel finished products....................... . . . . . . . . . . . . . . . . . . . . . . 19, 403 
Open-hearth steel :finished products . ...•.............••...•....••....•.................... 
Crucible steel finished products . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28, 069 
Blister and other steel . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . • . . . . . . . . . . . . • . 2, 285 










Total . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . • • • . . . . . . . . . . . . . . . . . . . . . . . . 3, 655, 215 7, 265, 140 
The number of per~ons directly employed in 1880 in the production 
of iron and steel in this country was 140,978. This total does not 
include the labor employed in independent and often remote mining 
operations which supply our iron and steel industries with ore and coal 
and other raw materials. Nor does it include any considerable part 
of the labor employed in the transportation of raw materials from the 
sources of production to the places of consumption. 
Bapid as was the growth of our iron and steel industries in the decade 
I 
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between 1870 and 1880, a yet more rapid and a really phenomenal 
growth took place in 1881 and 1882. In 1883, however, a reaction oc-
curred, and in that year the production was less than in 1882, while 
in 18, 4 it was less than in 1883. The statistics of production obtained 
by the American Iron and Steel Association for the eleven calendar years 
from 1873 to 1884 are as follows, in short tons: 
Production of iron and steel (stated in short tons) in the United States, 1873 to 1884 in-
clu11ive . 
. ---- - ----------------------------,-----
Products, 1873. 1874. 1875. 1876. 1877. I 
Pig rron ........ . . - .. . _ .. .. __ . . . . . 2, 868, 278 2, 689, 413 2, 266, 581 2, 093, 236 2, 314, 585 1 
Spiegeleisen, included above .. __ . . . . . . . . . . . . . . . . . . . . . . . 7, 832 6, 616 8, 845 1 
R<?lled ir?n, including nails and 
iron rails . . . .. . .. .. - . . ... _ . . __ . 1, 837, 430 1, 694, 616 1, 599, 516 1, 509, 269 1, 476, 7.59 , 
Rolled iron, including nails and I 
excludinir mils ... _ ...... _ .. __ __ . 1,076,368 1,110,147 1,097,867 1,042,101 1, 144, 219
1 
Kegs of out nails and spikes, in-
clud d in rolled iron . . _ .. _. __ . _. 4, 024, 704 4, 912, 180 4, 726, 881 4, 157, 814 1 4, 828, 918 
B s emer ste l rails . . - - ..... -- . - . . 129, 015 144, 944 290, 863 412, 461 432, 169 
Qpen-bearth steel rails .. _ ... _ .. _ ... _ . .. ··-- ...... _ ............ ___ ........ ___ ......... _ .. 
Iron rails . . . . . . .. -- .. - .. -.. -- . . . 761, 062 1 584, 469 501, 649 467, 168 1 332, 540 
Rail of all kinds._. - ... ___ ........ 890,077 729,413 792, 512 879,629 I 764, 709 
Crucible steel ingots. - - ... _ .... _.. 34, 786 36, 328 39, 401 39, 382 40, 430 
Open-hearth steel ingots ..... --- . . 3, 500 7, 000 9, 050 21, 490 25, 031 
BoRsemer st el ingots . __ . . . _. . . . . l 70, 652 I 191, 9331 375, 517 525, 996 I 560, 587 
Mi cellaneous steel . ............ _. 13, 7141 6,353 12,607 JO, 306 11,924 
t el of nil kinds ... - ... ___ . _ ·-- _.. 222,652 241,614 436,575 597, 174 I 637,972 
Blooms from ore and pig iron . . . . . 62, 564 61, 670 49, 243 44, 628 47, 300 
Products. 1880. 1881. 1882. 1883. 
---1---
Pig iron . ____ ..... . .. ......... _ .. 3,070,875 4,295, 414- ~ 641,564 I 5,118, 122 , 5,146,912 
pi goleisen, includ d above. __ .. . 13,931 19,603 21, 086 21, 963 24, 574 
R?ll <l ir?n, including nails and 
iron rmls . . . . . . . . . . _ .... . · .. 2,047,484 2,332,668 2, 643, 927 2, 493, 831 2, 348, 874 
Roll •d iron, including nails and 
xclu<ling rail ... ..... _ .. ... _ .. 1,627,324 1,838,906 2, t55, 346 I 2, 265, 957 2,283,920 
K f;/~t 1~\~{j~g i~~~ ?~~~~~ ~:. 5,011,021 5,370,512 5, 794, 206 1 6, 147, 097 7,762,737 B • fllll 'l' t cl mils .. . ... ...... . . 683,964 • 954,460 1, 330, 302 1, 438, 155 1,286,554 
OpPn-hParth ate l railil . . _ .. __ .. __ . 9,149 13,615 25, 217 . 22, 765 9,186 
Iron rails .. . ... . .. .. .... ........ . 420, 160 493,762 488, 581 227, 874 64,054 
Rai11; of nil kind ... _ . . .. . . .... . .. . l, 113,273 l, 461,837 1,844,100 1 1,688, 794 1,360,694 
Crud hit' su,c·l ina:ot . _ . . .. _ . . .. _ .. 56,780 72,424 89, 762 85, 089 80,455 
Op n-1.u·urth st l ingots .. . .. .. . _. 56,290 112,053 146, 046 160, 542 133,679 
B<;- " mt·r t el ingots . . _ . . ... . __ . 92 , 072 1,203,173 1,539, ]57 l, 696,450 1,654,627 
M1 CPlhtUPOIJS Rt l .. . . . . - - - -.... ·1 5,464 8,465 3,047 3,014 5,598 
't · ·l of all kind . . . .. . . . __ .. _.... 1, 047, 500 1,307,015 1,778,912 1,945,095 ], 874,359 




































results were disappointing; they certainly were not; but if we consider 
the prices obtained for the year's product of pig iron, we find that they 
were very low, so low indeed that they were only slightly above the 
exceptionally low prices which prevailed in 1878. In that year the aver-
age monthly price of No. 1 anthracite foundry pig iron at Philadelphia 
ranged from $18.50 per long ton in January to $18.62 in December. In 
1884 the price ranged from $20.50 in January to $18 in December. 
The following table gives the yearly average prices of No. 1 anthra-
cite foundry pig iron per long ton at Philadelphia since 1873, the 
yearly average being obtained from monthly ave~·ages. 
Price of No. 1 anthracite foundry pig iron, 1873 to 1884 inclitsive. 
Years. 
1873 .................................. . 
1874 ..... ..... ......... • .............. 
1875 .....................•...•......... 
1876 .... .... .. . .... ... ................ . 








1879 ....... --~~-": -~···· . ... .. A••::·:, 
1880 ..... ......... . ....•••.. ·•··•· .... 28. 50 
1881.......... .. . . . . ... . . . . •• . . . . . . . . . 25. 12 
1882 .. .. .. .... .. . .. . .. . ... .... . . ... ... 25. 75 
mi:: : ~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I ~~: ~i 
The lowest average monthly price of No. 1 anthracite foundry pig 
iron that has ever been reached was in N overu ber, 1878, when it was 
$16.50. In December, 1884, the price foll to $18. 
The pig iron produced in this country in 1884 may be said to have been 
consumed during the year, as the quantity left in the hands of the manu-
facturers at the close of the year was very slightly in excess of that 
which they carried over from the preceding year. The stocks on band 
at the close of 1883 amounted to 533,800 short tons, and at the close of 
1884 they amountPd to 593,000 short tons. The virtual restriction of 
the production of pig iron in 1884 to the demand for it was a wise de-
termination of the manufacturers. A less cautious policy would have 
entailed widespread disaster. 
Our imports of pig iron in 1884 were much smaller than they had been 
for many years, amounting to only 206,381 short tons. This addition to 
the production of the country also entered directly into consumption. 
Of the quantity imported a large part, was spiegeleis·en, for use in the 
manufacture of Bessemer and open-hearth steel, and another large part 
was Scotch pig iron. With the possible exception of a small quantity 
of spiegeleisen annually the country is now fully able to supplr all its 
want for pig iron of every description. 
The following table show the productioa of pig iron by States and 
Territories from 1880 to 1884. Twenty-six States and two Territories 
are included in the table. 
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Production of pig iron, by States and Territories, 1880 to 1884 irtolUBive. 
States and Territories. 1880. 
Short tons. 
Maine .......... ........................ ·1 3, 578 
Vermont................ ....... ... ...... 1,800 
Massachusetts...................... ... 19,017 
Connecticut.. . ........ . ...... ........... 22, 583 
New York............................... 395,361 
.l ew Jersey .... ............ .... ... ······1 170,049 
Pennsylvania................... .. . . . . . .. 2, 083, 121 
?;zf~:~~~:·:·::::·: ~::: :: : :: : : : : : : : : : : ..... ;~:_ ;~~. 
~ribf:~::::: :: :: : : : : :: .·.·.·:: :: : ::::::::: ~~: ~~~ 
Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 500 
~lli:rtt~: :: : ~: ::: :::: ::: ::: : : : : : : :: ~i: m 
Ohio............. ............... ..... ... 674,207 
Indiana. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 500 
Illinois.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150, 556 
w~~1:~~-:::::::::::::::::::::::::::::: 1g~: i~ 

























Minnesota.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 520 
Utah ................................... . ..... . ...... .. . 
- 7,442 
Colorado .... . ....... ............... .. . .. .......... . 
Oregon .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 000 





1882. 1883. 1884. 
Short tons. Short tons. Short tom. 
4, 100 4, 400 .. .. .. ..... . 
1,210 ........ . · ........... . 
10, 3fl5 1· 10, 760 4, 902 
24, 342 19, 976 14, 174 
416,156 331,964 239,486 
176,805 I 138, 773 82,935 
2,449, 256 I '.l, 6aa, 891 2,385,402 
54, 524 49,153 27,842 
87, 731 I 152, 907 157, 483 
4i: !~~ , .. .. . 45: 364. 42, i~~ 
112, 765 , 172, 465 180, 664 
1, 321 2, 381 5, 140 
73, 220 88, 398 55, 231 
66, 522 · 54, 629 45, 052 
137, 602 , 133, 9ll3 134, 597 
698, 900 I 679, 643 567, 113 
10, 000 , 9, 950 2, 568 
3GO, 407 237,657 327,568 
210, 195 1 173, 185 172,834 
85, 859 51, 893 52, 815 
1J3, 644 I 103, 296 60,043 
8,126 8, 000 
57 1 . •..••••• •• 
23, 718 24, 680 
6,750 7,000 
987 5,327 






Total.. ... . .. ........ .. ...... . . . . . . 4,295, 414 4,641,564 5,178,122 5, 14G, 972 4,589,613 
Pig iron has been manufactured with charcoal as fuel in the period 
covered by the table in all the States above mentioned, except New 
Jersey, Illinois, and Colorado, and in the two Territories mentioned. It 
has been made with bituminous coal 3:nd coke in sixteen States, namely, 
New York, Pennsylvania, Maryland, Virginia, Georgia, Alabama, West 
Virginia, Kentucky, Tennessee, Ohio, Indiana, Illinois, Michigan, Wis-
consin, Missouri, and Colorado. It has been manufactured with anthra-
cite coal in only .five States, namely, Massachusetts, New York, New Jer-
sey, Pennsylvania, and Maryland. In most of the States that use anthra-
cite coal, particularly Pennsylvania, bituminous coke is largely used as 
a mixture with this fuel. Bearing this fact in mind the production of 
pig iron in the United States in the last six years can be classified as 
follows, according to the fuel used: 
Classification of the pig-iron product according to fuel used ( stated in short tons). 
Fuel used. 1879. 1880. 1881. 1882. I 1883. 1884. 
Bituminous .•. • .............. 1,438,978 1,950,205 2,268,264 2,438,078 ' 2, 68~, 650 2,544,742 
.Anthracite ..•.. .. - .. - ...... I, 273,024 1,807,651 1,734,462 2, 04!?, 138 1,885,596 1,586,453 
Charcoal .•••••........ .. .... 358,873 537,658 638,838 697,906 571,726 458,418 
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FIG. 1.-PRODUCTION OF PIG IRON IN '£HE UNITED STATES, 18!'>4 TO 1884 INCLUSIVE, 
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The following table shows the production of spiegeleisen in the United 
States since 1875. The figures given are included in the statistics of 
pig.iron production given above. 




Short tons. Years. I Short tons. 





13, 931 lii::•::rnrn.:•:•••:::::••::•::: I i:m 
The following table shows the production -of :pig iron in the United 
States from 1810 to 1884, in tons of 2,240 pounds. The :figures for the 
early periods have been carefully compiled from reliable sources of in-
formn.tion and from the census reports; for 1870 and subsequent 
periods they have been taken from the records of the .American Iron 
and Steel .Association. The year J 882 was the year of highest produc-
tion. 
Production of pig iron in the United States since 1810. 
Years. ::Long tons. Years. , Long tons. 
1810 ........................ . ......... . 
1820 . ................... . ......... . .. . 
1830 ................ ·-· · ····-·· ....... . 
1840 ........................ . ...... . .. . 
1850 ........................... . .... . . . 
1800 . .. ................... . ........... . 
53, 908 1870 ... _._ ... - ..................... . .. · / 
1~~: ~~i mt::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
286, 908 1882 ......... . ....................... . I 
563,755 I' 1883 ....... _ ........... _ .•..•......... 




4 6?3 323 
4: 595: 510 
4,097,868 
The production of Bessemer-steel ingots in t-be United States in 1884 
was 1,540,355 short tons, or 1,375,531 long tons. This was a decrease of 
114,272 short tons, or 7 per cent. upon the production of 1883, a decrease 
o mall in a year of genera] depression that it can only be explained 
by remembering that Be . emer steel is now largely used for many pur-
po es for which rolled iron wa. formerly exclusively used. The produc. 
tion of 1 84 wa only 158,005 short tons below that of 188:?, which was 
the year of greate t production of Bessemer steel in our history. The 
production of Be semer.steel ingots from 1874 to 1884 by States has 
been a follows, in hort tons : 
Production of Be8semer-steel ingots in the United States, 1874 to 1884 inclusi1'e (stated in 
sh-Ort tons). 
Years. Pennsyl. Ill" . Other I T ta! vania. lDOJS. States. 0 • 
----------------------1------ ---
1874 . ••••. . •••. . ··-·- · · · ·-········ .••.....•... . .•........•• 
1875 ...... ·--· .................... ·-·· ...• . ... ···-·· ..•..••. 
1876 .•.... · ··-·· ·· · -·· .•.... ··-·-· .......••. ············•·•· 
1877 .•.•...••••• ··--····-··· ·· · ··· . • • ·•··•· .•.... ····•·· •. . 
1878 . .• .. . . . ••.••.•. ·· - ····-···· ···•·· . ....... . ........... . 
1870 . •... • · · - ··· ·-·· ..• . . -· •...•...... ·- •••••..•..••.•..... . 
i~:::::::::::::::::::::::: :::~::::::::::::::::::::::::::::i 













































1, 54-0, 355 
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The total number of Bessemer-steel works in the United States at the 
beginning of 1885 was twenty, to which may be added several new 
works that are now in course of erection. The twenty completed works 
embrace forty-five converters. Several of these works were not in op-
eration in 18S4. Of the whole number of completed works, nine are 
located in Pennsylvania, one in New York, one in Massachusetts, two 
in Ohio, one in West Virginia, four in Illinois, one in Missouri, and one 
in Colorado. The new works in course of erection are located in West 
Virginia, Pennsylvania, Ohio, New York, New Jersey, and Illinois. 
Massachusetts and West Virginia made their :first Bessemer steel in 
1884. 
The production of Bessemer-steel rails in this country in 1884 amounted 
to 1,116,041 short tons, a decrease of 170,513 tons on the production of 
1,286,554 short tons in 1883, or over 13 per cent. It has already. been 
stated that the production of Bessemer-steel ingots in 1884 was only 7 
per cent. less than in 1883. In 1883 the production of Bessemer-steel 
rails was 78 per cent. of the production of ingots, but in 1884 it was only 
72 per cent. 
The following table shows the annual production of Bessemer-steel 
rails in the United States since the commencement of their manufacture, 
together with the average annual price at which they have been sold at 
works in Pennsylvania, and the rates of duty imposed on foreign rails. 
The yearly price has been obtained by averaging the monthly prices. 
Produotion and prioe of Bessemer-steel rails in the United States, 1867 to 1884 inolusive. 
Years. 
1867 . , .......... . ... •........•••.•.•....•. . .. . ..•.... • . . ........ 
1868 ...........••.•• . . • ....••• ••..••.. ··••··· ....••......... . .. 
1869 ··· · ··· · ·-···· ..... . · ·•• •• · ·· · ·•········•········•····•· · ··· 
1870 . . .......••....••....... . .. .. ........••..••..•. . ......•. . .. ·. 
·1871 ....•....•. . ················ · ·····-····-··················· · 
1872 · ···················· · ··············--·············· · · ·· ···· 
1873 ....•.•..••••. ························-···················· · 
1874 .......•.. . ••... ·····-···· -~·-·· ·····-···-·· ....•... .. ...... 
1875 ········ ·· ··· ························-···· ..•.....•......... 
1876 ······· .... ···-·· · ····· ··· · · ········-···--·--· · · ....•.... .. 
1877 ... . ............•.••...•.. ···••· • .•.. ······ · ·····- •••• • · ..•. 
1878 ·····-·· ······ · ··· · ···········--·· ·•••····· · ·············••· 
1879 ···········•·· .... . .•••..•. ··············-···· ·•·•········· · 
]880 ... ···•· ..•...•....•••.. ·•···· .••....•..•...•... ·•· • ·· ..... . 
1881 ... . ..... • . .. .. . .••. ··•··· .••..•• . ..• .. ........••. .... ·•··· · 
1882 ... . ····· · ··· · ····•· · ···· .. . ..•. . ..•....•... . .............. · 
1883 .........•.......... . ...• · ······ ...... . .. . ........•... '. ... .. 
1884 . .. . ... . ..• . ....... . .•.. . •• . ..•.... .. .. . ........ . .. . . . ..... . 



















158 50 45 per cent. 
$166. 00 } 














$28 per ton to 
August 1, 
187::l; $25.20 
to March 3, 
1875; $28 
from that 
date to .July 
1, 1883. 
37. 75 ~ From July 1, 
30. 75 ! 5 1883, $17. 
Raw materials and product in 1882, 1883, and 1884.-It is possible to 
ascertain very closely the quantity and value of raw materials which 
were consumed in the manufacture of iron in this country in 1882, 1883, 
and 1884. These are incorporated in the appended table. The value 
of the pig iron is averaged from trustworthy prices current. The value 
of" the iron ore and limestone is averaged from special reports received 
from miners and consumers of iron ore and limestone in almost every 
section of the country. The "spot value of all iron and steel in the first 
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stage of manufacture" covers all the pig iron produced, that part of the 
rolled iron which it is estimated is produced from old or scrap iron, and 
that part of the iron blooms which it is estimat,ed is produced from old 
or scrap iron and iron ore, and excludes that part of the rolled iron and 
iron blooms which it is estimated is made from pig iron, and also ex-
cludes all steel, so as to avoid any duplication of values. 
Surnrna1·y of principal statistics of iron production in 1882, 1883, and 1884. 
Details. 1882. 1883. 1884. 
1. Pig iron made, tons of 2,240 pounds .................... 4,623,323 4,595,510 4,097,868 
2. A verago spot value per ton at furnace .................. $23. 00 $20. 00 $18. 00 
3. Total spot value pig iron at furnace ..... . .............. $106, 336, 429 $91,910,200 $73, 761, 624 
4. Iron ore mined in United States, tons of 2,240 pounds .. 9,000,000 8,400,000 8,200,000 
5. Iron ore (American) consumed, tons of 2,240 pounds ... 8,700,000 8,800,000 7,718,129 
6. Average spot value per ton at mine ..... ..... .. ........ $3. 60 $3. 00 $2. 75 
7. Total spot value American ore mined, at mine ......... $32, 400, 000 $24, 200, 000 $22, 550, 000 
8. Total spot value American ore consumed, at mine ...... $31, 320, 000 $26, 400, 000 $21, 224, 854 
9. Imported iron ore consumed, tons of 2,240 pounds ...... 589,655 490,875 487,820 
10. Total iron ore consumed, tons of 2,240 pounds ........ . . 9,289,655 8,890,875 8,205,949 
11. Limestone consumecl as flux, tons of 2,240 pounds .. . ... 3,850,000 3,814,273 3,401,930 
12. A \'erage spot value limestone per ton at quarry ........ $0. 60 $0. 50 $0. 50 
13. Total spot value limestone at quarry .................. $~. 310,000 $1,907,136 $1,700,965 
14. Anthracite consumed in iron smelting, tons of 2,240 
1,543,688 pounds .... . .......... . .... ................ ... .. . . ... 3,000,000 2,500,000 
15 . .Anthracite consumed in all iron and titeel works, in-
1,973,305 eluding furnaces, tons of 2,240 pounds ............... 3,800,000 3,200,000 
16. Bituminous coal consumed in iron smelting, tons of 
326,986 2,240 1>ounds.... .. . . . . . . . . . . . . . . . . . . .... ... ..... 1,500,000 750,000 
17. Bituruinous coal consumed in all iron and steel works, 
4,226,986 including furnaces, tons of 2,240 pounds .. .. .... .... 6,600,000 5,550,000 
18. Coke consumecl in iron smeltin/, tons of 2,240 pounds .. 3,100,000 3,500,000 3,697,275 
19. Coke consumed in_ all iron an steel works, including 
furnaces, tons of 2,240 pounds .. ... . . . ... . ....... ..... 3,350,000 3,750,000 3,833,170 
20. Charcoal consumed in iron smelting, bushels of 20 
:pounds ... ......... ........ .... .. .... ........ .... . .... 86,500,000 70,322,298 50,577,153 
21. Charcoal consumed in all iron and steel works includ-
ing furnace~, bushels ot 20 pounds .......... '........ . 107, 000, 000 87,000,000 62,110,660 
22. Total spot value of all iron and steel in first stage of 
manufacture, excluding all duplications ...... . ....... $171, 336, 429 $142, 000, 000 $107, 000, 000 
The world's production of iron and steel.-The position of the United 
State amo.ng iron and steel producing countries at the present time is 
correctly indicated in the following table of the world's production of 
pig iron and steel of all kinds in 1883. This table places the world's 
production of pig iron in 1883 at 21,076,571 tons, and the world's pro-
<lnction o.f teel in the same year at 6,277,690 tons. These figures rep-
re en t re pecti vely the largest annual production of iron and steel that has 
ever been attained. 'rhe percentage of pig iron pro<luce<l by the United 
tates wa nearly 22, and it percentage of steel was 27. For comparison 
tb ~ lat 't coal stati tics of the world have been added. The,v show the 
p rcentag (\f production by the United States to be 24. English tons 
of 2,240 pound are u ed in giving the statistics of Great Britain, the 
Unit d tates, Rus ia, and "other countries," and metric tons of 2,204 
pound for all the continental countries of Europe except Russia. 
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The world's output of iron, steel, and coal. 
Pig iron. Steel. Coal. 
Country. 
Year. Tons. Year. Tons. Year. Tons. 
Great Britain ..•.•.••.••....•.•••..•••••••••.. 1883 8,490,224 1883 2,158,880 1883 163, 737, 327 
United States .....••............••••••.•...... 1883 4,595,510 1883 1,673,534 1883 a96, 159, 719 
Germany and Luxemburg •..••....•....•.•... 1883 3,397,588 1883 1,066,920 1883 70,223,456 
France . ............ ........................... 1883 2,067,387 1883 509,045 1883 21,446,199 
Belgium ••.•••...••......•.....•••••......•.•• 1883 770,659 1883 220,000 1883 18,134,880 
Austria and Hungary .......••••••.•.••..•.... 1883 655,221 1883 271,732 1882 15,555,292 
Russia ........•..••....................••..... 1881 462,042 1881 292,360 1881 3,437,840 
Sweden .................... . .................. 1882 399,001 1882 62,203 1882 250,000 
!~! :~~~~~~~::: ::::: ::::::::: ::: : ::: : : :: : : : 1880 Sf>, 939 1873 216 1880 847,128 1883 53,000 1876 2,800 1882 220,000 1882 100,000 1883 20,000 1883 8,000,000 
Total ......................... ....... .. . .......... 21,076,571 -·---- 6,277,690 ------ 398,011,841 
Percentage of United States ...........•...... ·----- 22 ......... 27 .......... 24 
a This amonnt differs slightly from that adopted as the " commercial product" on page 12 of this 
volume, but it is preferable to let the figures stand as compiled by Mr. Swank, inasmuch as the close-
ness of agreement between these independent estimates testifies to the value of both.-A. W., jr. 
The production of pig iron and steel was less in 1884 than in 1883 in 
most of the leading iron and steel producing countries, including Great 
~ritain and the United States, but the United States doubtless retained 
in that year the very high percentage of the total production which it 
achieved in 1883. Germany increased its production of iron and steel in 
1884 over the production of 1883. The progress which Germany is now 
making in developing its iron and steel industries is largely the result 
of the introduction of the basic, or Thomas.Gilchrist, process for the 
manufacture of steel-a process that made· possible the utilization of its 
phosphoriforous iron ores. 
IRON ORES IN THE UNITED STATES. 
BY JAMES M. SWANK, 
Vice President of the .American Iron and Steel Association. 
In the preparation of the following essay an attempt has been made 
to bring together in popular form the leading facts connected with our 
iron-ore resources and our domestic and foreign iron-ore supplies. The 
facts presented will afford a bird's-eye view of one of the great indus-
tries of our country, and of its relation to our extensive iron and steel 
industries and to the many other industries that are dependent upon 
them. 
Imports of iron ore.-Previous to 1879 the quantity of iron ore im-
ported into the United States was not recorded, but it did not ·amount 
to 100,000 tons in any one year. The quantity of iron ore imported from 
1879 to 1884, both years included, was as follows, in tons of 2,240 
2 M R-17 
258 MINERAL RESOURCES. 
pounds; the foreign value of the importations in these years is also 
given: 
lrnports of iron ore. 
Years. 
1879 ... ...........•.....•................. ·········•·•·· .•..................... 
lb80 . . . .......... . ······ ...................••......•....••.. ·········· · ....... · 















The American Iron and Steel Association has ascertained the desti· 
nation of 439,183 long tons of the 487,820 tons of iron ore imported in 
1884. This information is presented in the following table: 
Distribution of imported ores. 
States and districts. 
~ew York ...................................................•.............•.............. 
.i: ew Jersey .......... . ................................. .......... . ....... .. ........ .. . . .. . 
~:t!~fku~11:lu.~~n::K!!;it!!ni;: : :: :·: : ::::: :::: :: :::::: :::::::::: :::: :: :::::::::: :: :::::: 
Upper Susquehanna valley, Pennsylvania. ...•............................................. 
Lower Susquehanna valley, P ennsylvania .............. ....•••.. . ..........••... .... .... .. 
.Allegheny county, Pennsylvania ...... . ................•.......••.. .. ....••..• .. .. •....... 
Cooemauirh valley and Youghiogheny valley, Pennsylvania ..... •.. • . .............. . . ••• .. 
~~~~~?~~:~~~~·: ~~~t~~~~~:::::::::: ~:: :: : ::: : ::: :~::: :::::: ::: : : : : : :: : : :: : : : : : : : : : : 














These figures leave 48,637 tons unaccounted for, which were chiefly 
u ed in New York, New Jersey, Ohio, and Washington Territory. The 
figures presented in the table for Pennsylvania and Maryland are be· 
lieved to be complete, or very near1y so. Of the 439,183 tons accounted 
for, 81,758 tons were used in the manufacture of pig iron for general 
1mrposes, while the remainder was used in the manufacture of' Bessemer 
pig iron and spiegelei en. 
Our imports of iron ore are derived from many countries, but prin· 
cipally from Spain. The following table of imports of iron ore into the 
United States in the fiscal year which ended June 30, 1884, shows the 
onrces of foreign upply for that year. Statistics for the calendar year 
1 84 are not attainable. 
Sou1·ces of impm·ted ores. 
Countries. I Long tons. J Value. 
~ ~ f i~ :f:f ~ii~~:;~:x.;~;::::: ;:;:::: :::\\: :::::: ):::::::::::::::::::::I 'ij: ffi -:~:ff! 
';mada. .. . . ..... ... . . ... . . . . . . . . . . . . . .• . .. . . . .. •• . . . . . ••.•.. •••.......... •. . . . 29,125 71,900 
:J11:f r::: / E \/\::WI: \\\\+i+/;::::i:i :;;:;::::iii:~\ 'i ~ ~ li! 
Total. . ... ..... . ........................ ........... . ............... ... .. 1 553,806 1,317,~6 
( 
IRON. 259 
The impulse that was given to the importation of iron ore in 1879, 
1880, and 1881 was due partly to the high prices asked for Lake Su-
perior ores, partly to a scarcity of iron ores on the Atlantic coast .that 
were suitable for the manufacture of Bessemer pig iron, and partly to 
the revival in the American iron industry in these years, which created 
an extraordinary demand for iron ores for general as well as for special 
purposes. The first two of these influences have now largely disap-
peared, and the last one has entirely disappeared. Lake Superior prices 
have fallen, owing partly to the opening of new mines in that district, 
and new sources of supply of Bessemer ores have been developed in the 
East; but in the mean time American capitalists have made extensive 
investments in Uubau and Canadian iron-ore mines, the product of 
which js now being brought to this country for the manufacture of 
Bessemer pig iron, while increasing use of Spanish and Elba iron ores 
is being made by Eastern furnace owners in the manufacture of pig iron 
for the general market and for sale to steel manufacturers. 
Much the larger part of the iron ore imported in 1882, 1883, and 1884 
came from Bilbao and from Mediterranean ports, for use in the mauufaGt-
ure of Bessemer and other pig iron chiefly on or near the Atlantic 
coast, the inducements to import it being its richness, purity, and c~eap-
ness. The causes which influenced importations in 1879, 1880, and 1881 
taught our people the value of foreig-n ores, and unless prevented by a 
high duty such foreign ores as have been used on the Atlantic coast 
will continue to be imported. The duty on iron ore was changed by the 
tariff which went into effect July 1, 1883, from 20 per cent. ad valorem 
to 75 cents per ton of 2,240 pounds. That foreign ore can be brought 
to this country at low prices is due in part~ of course, to the very great 
cheapness of the labor that is employed in mining it, but largely also 
to the cheapness of ocean freights. The vessels which carry the ore 
are usually "ocean tramps," which carry grain, petroleum, lumber, and 
occasionally cotton to Europe, and the owners of which are glad to 
bring back ore at low rates rather than come in ballast. These vessels 
are all owned abroad. 
The following table shows the quantities and values of iron ore im-
ported into the various customs districts of the United States in the 
four calendar years 1881, 18821 1883, and 1884. For this and the pre-
ceding table we are indebted to the courtesy of the Bureau of Statistics 
of the 'Jreasury Department. 
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Oustorns districts receiving imported iron 01·es. 
1881. 1882. 1883. 1884. 
Districts. 
f;,'::',g I Valu• Long Long Long Value. Value. Value. tone. tons. tons. 
Baltimore ............ 243,182 $654,629 236,998 $612,626 184,521 $357,186 375, 798 $1, 005, 496 
:Beaufort ............. · · · ·· 1i6 · ··· · ·2:soi -·--- --·-··---- 1,473 4,243 1,749 5,005 Boston . ........•..... . 1,664 3,322 2,470 5,277 2,865 7,765 
Buffalo creek ......... 2,492 7,320 273 755 ··------- .............. ............. . ................ 
Champlain ...... . ..... 2 7 5 28 ···i2i; i54 Cuyahoga ............ 10,500 37,675 9,420 33,181 6,525 17,810 30,964 
Detroit ............... 617 1,646 48 98 ------ --- .............. 10 'l:T 
Genesee .......•...... 8,716 25,961 6,851 21,651 784 1,740 758 1,897 
Huron .......•........ 264 770 264 677 14 4 10 150 
New York ............ 196,419 641,344 145,909 421,776 36,800 94,236 29,401 82,995 
Oswegatchie.......... 3,418 10, 650 905 2,783 942 2,866 ... . .... ............ 
Oswego .... .......... . 13,612 44,026 37,635 120,008 17,862 40,744 11,179 27,856 
Perth Am boy . . . . . . . . 13, 671 48, 323 31, 558 101,859 10,082 29, 189 50, 836 124, 257 
Philadelphia .......... 155,564 894,952 111,944 279,818 170,420 886, 886 , 169, 507 888, 900 
Puget sound......... . 1, 100 1, 622 ......... 8,521 7,084 2,012 4, 024 t=::., ::::: :: :::::: : : : : : : : : : I::::::::: :r:: :: : : • .•• • . . . . . . 2,177 5,887 2,979 ~ '" I I, 831 I 7, 125 --------
_Total .. ..•...... 782,887 2,222, 652 1 589, 655 1,640,564 490,875 1, 207, 991 487, 820 1, 188, 678 
The Juragua Iron Company, limited, an American company, has 
opened extensive mines of iron ore on the southeastern coast of Cuba, 
which it purchased early in 1883, and from which shipments to this 
country commenced in August, 1884. These shipments have since ag-
gregated many thousand tons, and they promise to become in a short 
time a leading feature of our iron ore imports. Whether they will re-
sult in reducing the supply heretofore received from Spain is yet a mat-
ter of conjecture. The quantity of iron ore shipped in 1884 amounted 
to about 20,000 tons; the shipments in 1885 will probably reach 100,000 
tons. The ores from these mines are used for Bessemer purposes. They 
are rich in iron and very low in phosphorus. The Juragua Iron Com-
pany, limited, is composed of the Bethlehem Iron Company, the Penn-
sylvania Steel Company, and Mr . .Alfred Earnshaw. 
Near Trenton, in the province of Ontario, in the Dominion of Canada, 
a company of .American and Canadian capitalists, which was organized 
in 1883, has made extensive arrangements, involving a large expendi-
ture of money, for mining iron ore from several mines which have been 
developed and from others which have been located. The ores of these 
mine are said to be wen adapted to the manufacture of Bessemer steel. 
The hipping port is at Weller's bay, on Lake Ontario, 4 miles south of 
Tr nton. The hipment to the United States during 1884 amounted 
to about 40,000 ton . .An increa e in the shipments for JS 5 i ex-
pected. The principal promoter of the enterprise are Mr. S. J·. Ritchie, 
of Tallmadge, Ohio; Hon. S. Burke, Hon. Henry B. Payne, and Mr. 
William Chi ·holm, of OJev land, Ohio; Me srs. McMullen, of Trenton 
and Picton, Ontario, and M rs. Coe, of Madoc, Ontario. 
The foll wing table how the numb r of tons of iron ore imported 
during th la t ix year into each of the leading iron-manufacturing 
countries of the world: 
IRON. 
Supplies of iron ore imported by various countries. 











1 1879 . . . . . . . . . . . . • • . • • • • . . • • • • . . . . . . . . • • • . 1, 083, 692 941, 812 380, 000 614, 534 
1880..................................... 2, 634, 401 1, 168, 215 607, 007 921, 784 493, 408 
1881..................................... 2,449, 277 1, 287, 870 615, 490 1, 169, 206 782, 887 
1882 . . . . . . . . . . • . . . . . . . • • . . • . • • . . • . . . . . . . . a, 282, 496 1, 425, 870 785, 360 1, 206, 717 589, 655 
1883 . . . . .•. . . . . • . . . •• . . . . .• . . . . . . . . . . . .. 3,178,310 1,601,217 800,373 1,612,469 490,875 
' 1884......... .•• • •. . . . . ... . . . ... . . . . .• . . . 2,728,672 1,412, 710 980,442 1,487,748 487,820 
It will be seen from this table that the United States is the smallest 
importer of iron ore of all the countries mentioned. If we consider its 
prominent place among these countries, beii 1g second in the production 
of iron and steel, it is very much the smallest importer. 
Production of iron ore in the United States in 1883 and 1884.-Full 
statistics of the production of iron ore in the United States are not ob-
tained, and cannot be obtained, except in census years. The annual 
production of iron ore in the whole country may, however, be very ac-
curately estimated. The average quantity of iron ore used in produc-
ing a ton of pig iron in the United States, in addition to the mill cin-
der that is used in some furnaces, is shown by the census of 1880 to be 
about 1.9 tons, while the production of pig iron is definitely ascertained 
from year to year by the American Iron and Steel Association, so that 
the quantity of iron ore produced iu any year and used at our blast fur-
naces is approximately _ascertained by multiplying the year's produc-
tion of pig iron by 1.9 and deducting from the product the quantity of 
iron ore imported. By this method the following results are obtained 
for 1884: The pig iron produced, 4,097,868 long tons, multiplied by 1.9, 
gives 7,785,949 tons, from which, if we deduct 487,820 tons of iron ore 
imported, we have 7,298,129 tons as the home production of the year 
that was used at our blast furnaces. This country also annually pro-
duces in forges, directly from the ore, about 40,000 long tons of blooms 
and billets, representing about 120,000 tons of native ore. The largest 
and best of these forges are located in the Champlain district of New 
York, while others are found in Tennessee, North Carolina: Virginia, 
and Missouri. We also use some iron ore as fettling in the puddling 
furnaces of the rolling mills, and the quantity so used in 1884 is esti-
mated, upon the basis of the census figures of 1880, to have amounted 
to about 300,000 tons, which, added to the domestic ore used in the 
blast furnaces and forges, gives 7,718,129 long tons as the probable 
production and consumption of domestic iron ore in 1884. This calcu-
lation takes no account of ore produced and not consumed. 
That the figures above given of the production and consumption of 
iron ore in the United States in 1884 are correct is proved by statistics 
obtained by the American Iron and Steel Association. In response to 
a circular letter addressed to all the manufacturel's of iron and steel in 
the country, and which was very generally answered, detailed informa-
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tion was furnished which indicates that the aggregate consumption of 
domestic iron ore in 1884 amounted to 7,639,581 long tons. This result 
is so close to the result reached by the method adopted in the prepara-
tion of this paper that it may safely be assumed that the quantity 
given by that method (7,718,129 tons) is correct and should stand. 
As incidental to the present inquiry, it may be stated that, if we 
eliminate the mill cinder from the census statistics of 1880, and the 
probable amount of pig iron that was produced with it, it will appear 
tha.t an a~erage of 2.03 tons of iron ore was in that year required to 
produce a ton of pig iron. This is below the average in the leadin~ 
iron-producing countries of Europe. Great Britain averages 2.4; Ger-
many, 2.6; France, 2.6, and Belgium, 2.7. 
The following statistics, s wwing the production of domesticiron ore 
in 1883 and 1884 in certain Leading districts, have been obtained from 
reliable sources of information. As will be observed, the :figures for 
1884 embrace more than half the total estimated consumption of that 
year: 
Production of leading iron-ore aiBirictB of the Unite.d States in 1883 and 1884. 
Districts. 1883. 
Long tons. 
Lake Superior mines of Michigan and Wisconsin . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 852, 231:l 
Vermilion Lake mines of Minnesota ...... .. ................. ... .. .... . ...... Not opened. 
~;:~u:1. Pcn·~-ii~~n-ia·.·_·_·_·:: :. ·:::: ::: :: : ::::::::: :: :: : :::::::: ::: :::::::::: ~~~: m 
t:batean;zay mines, near Lake Champlain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194, 704 
Other Lake Champlam min s, incluuing the Port Henry and Crown Point 
mines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 805, 800 
fiS:tue:;0lstri~t: <5;,n;;~~ti<;~t:: ·. ·.:::::.: .. :::::::::::: :: : : : : : : : : : : :::: :: : : : : 5~; i~i 
Hudson River Ore and Iron Company, New York . .... . ........ .. ..... ..... : . 20, 000 
1884. 
Lon,qtons. 









Total...... ... .... . ...... .. . .. .......................................... 4,087,281 4,177, 197 
In 1882 the Lake Superior region and the State of New Jersey reached 
re pectively the largest production of iron ore in their history. In the 
former 2,947,392 long tons were produced, and in the latter the produc-
tion wa 932,762 ton . 
The remainder of the domestic supply of iron ore in the two years 
mentioned, a w 11 a in previous years, was obtained from mines located 
in 11 the State and Territories tliat produce pig iron, and located, too, 
in n arly every ca e in close proximity to tbe blast furnaces. There 
are very few Stat and Territories in the Union in which iron ore has 
not been di covered. The large number of "local mines" in so many 
tat and Territorie indicate not only the wide distribution of iron 
or in the country, but al o the exi tence of a disposition among the 
p opl of all ection to dev lop the various depo it as promptly a 
th ,vaut of the countr require. The iron-making instincts of our 
P pl are hown fully a much in their earch for native iron ores and 
in th mean th y ha u d to d v-elop them a in their readin · to 
adopt th U€: ·t modern m thod of manufacture. A le s energetic peo 
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ple, for instance, would have been appalled by the difficulties which con-
fronted the :first shippers of iron ore from the Lake Superior region, and 
there are not to be found anywhere in the world to.day better or more 
expensive machinery and appliances for the mining of iron ore than are 
to be found in that district. 
Sp-iegeleisen.-The latest illustration of the enterprise of our people in 
:seeking at home for new sources of supply of iron ore of a quality or 
-0haracter that had not previously been discovered, or discovered in in. 
sufficient quantities, is seen in the search of the Bessemer-steel manu. 
facturers for manganiferous iron ores in Michigan, Virginia, Georgia, 
.Alabama, and .Arkansas, a search which bas resulted in a considera-
ble increase during the past ;year in our production of spiegeleisen and 
ferro.manganese. The production amounted to 33,893 short tons, of 
which New Jersey produced 7,058 tons, Pennsylvania 26,509 tons, and 
Colorado 326 tons. The following table shows the production of these 
articles in the United States since 1875. In each year foreign as well 
as domestic ore was used, but in 1884 there was a marked diminution in 
the use of foreign ore. 
Production of s_piegeleisen and jfYrro.manganese in the United States, 1875 to 1884 inclusive. 
Years. 
1875 ......................... . .••...... 
1876 . ..................... ... ...... . . . . 
1877 .......................... . . . ..... . 
m~:::: :: :: : ~ ~:::: ~ :::::: ::::::::::: ::I 
Short tons. I Years. 
i:m I mt~~:::::::~:::::::::::::::::::::: 
10,674111883 ...............•..........•..• ;··· 







New and old iron-ore fields in the United States.-Of the important 
deposits of iron ore that have been developed in this country and are 
still worked, the Salisbury district in western Connecticut was devel-
oped as early as 1731; the Schuylkill Valley mines in Pennsylvania 
were developed in 1716, and the Cor:n wall "ore hills," in the same State, 
about 1735; the magnetic iron ore mines in northern New Jersey were 
opened about 1710; the Sterling mines in Orange county, New York, 
in 1750, and the Champlain district, in the same State, about 1800; the 
Tennessee mines, the mines in Bath county, Kentucky, the Cranberry 
mines in North Carolina, and the Juniata Valley mines in Pennsy 1 vania, 
near the close of the last century; the Hanging Rock region of Ken-
tucky during the second decade of the present century, and the same ' 
region in Ohio during the third deoade. The Iron Mountain and Pilot 
Knob region in Missouri was developed about 1845. Tbe existence of 
iron ore on the southern shore of Lake Superior, the most celebrated 
and most productive iron-ore region in this country, was not even dis. 
covered until about 1830, and no attempt was made to develop it until 
1845, just forty years ago. It is a noticeable fact, however, that, not-
withstanding our early enterprise as iron manufacturers, some of the 
richest deposits of iron ore in this country were not developed, and in 
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some instances were not discovered, until in very recent years. No at-
tempt was made to develop some of these deposits unt.il after the boom 
of 1879 and 1880, while the development of others was greatly stimu-
lated by that event. 
A notice of the location and characteristics of some of the older iron-
ore :fields above referred to and of all of the most recently developed 
deposits is demanded by the increasing public interest in the general 
question. Such illustrative chemical analyses as will be presented have-
in every instance been obtained from reliable sources. 
1. The celebrated Marquette district, in Michigan, the most product-
ive of all the iron-ore districts in the country, is mainly embraced in 
Marquette county, a small part of it extending northwest into Baraga 
county. Its principal ports of shipment for the ores that are not con-
sumed in local furnaces are Marquette and Escanaba, the former on 
Lake Superior and the la,tter on Lake Michigan. Small quantities of 
ore are annually shipped from this district at L'Anse, on Lake Supe-
rior. There are at present several charcoal furnaces in the district .. 
The great extent and great richness and purity of the hematite and mag-
netite iron ores of the Marquette district are too well known to require 
extended reference. The district is by far the most important iron-ore 
:field in the United States. · 
Subjoined are fourteen analyses of the ores of the Republic tnine, one 
of the most noted mines of the Marquette district, which we take from 
Mr. A. P. Swineford's '' Mineral Resources of Lake Superior," printed 
in 1876. This mine is operated by the Republic Iron Company. 
Analyses of ore from the Republic mine. 
No.1. No.2. No. 3. No.4. No.5. No.6. No.7. No.8. 
P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. P. ct. 
:Metallioiron -·--····················· · ···· 65.11 67.75 68.01 69.88 69.24 71.82 68.40 68.23 
s:;r~::)::::.:::::;;::)):)::: t ::::1 t <t /'.': ::::: I ·:~ 
No. 9. No.10. No.11. No.12. No.13. No.14. A..verage. 
-------------1---1--- ---------------
The iron ore of the Champion mine hows 67 per cent. of iron, 3 per 
nt. of ilica, and 0.03 per cent. of pho phorus. Sev ral analy e of 
\ t R public or that are before us how iron ranging from 66.483 to 
6 .583 per cent., and pbo phorus ranging from 0.039 to 0.054 per cent. 
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Two analyses of the specular ore of the Lake Superior mine give the 
following results : 
Analyses of ore from the Lake Superior mine. 
Metallic iron .............. . ....... . 
Silica .............................. . 
Alumina ........... . .............. . 
Lime ..........................•.... 
Magnesia .......................... . 
I Phosphorns ........•................ 













2. The Menominee Range district is mainly situated in Menominee 
county, Michigan, the western part of it extending into ~lorence county, 
Wisconsin. This district ranks second · in productiveness to the Mar-
quette district. Both districts lie on the southern shore of Lake Su-
perior. 
The Menominee district owes its development mainly to the enterprise 
of the Menominee Mining Company, of Milwaukee. About 1876 this 
company obtained control of a large ~xtent of country owned by the 
Lake Superior Ship Canal, Railway, and Iron Company, and by other 
parties, and at once commenced active operations. In 1877 10,405 tons 
were shipped, and thereafter shipments rapidly increased, both from 
the mines of this company and from mines opened by other capitalists. 
The Menominee Mining Company is still the largest shipper in the dis-
trict, and the next largest is the Penn Iron Mining Company, a corpo-
ration which was organized in 1882, and which represents a large amount 
of Pennsylvania capital. The ore from this district is all shipped at 
Escanaba to ports below, except a very small quantity which is used 
at two local charcoal furnaces. 
The ores of the Menominee district are generally red hematites, and 
partake of the same general characteristics as similar ores of the Mar-
quette district, except that they are as a rule softer. They are found 
in large deposits. We subjoin analyses of the ores of some of the mines 
operated by the Penn Mining Company. These analyses were made by 
the Cambria Iron Company from ores used in its blast furnaces . .... 
Analyses of ores of the Menominee district. 
Vulcan. Cyclops. I Norway. I Quinnesec. 
Metallic iron ....................................... . 
Silica ............... . ......................... . ..... . 
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . .............. . .. . 
Per cent. - P-er--c-en_t._ , __ P_e_r c_en_t_. j Per ~t. 
63. 930 60. 470 58. 940 67. 05 
6. 860 I 3. 380 12. 270 I 4. 80 
. 013 . 009 . 016 . 01 
3. The statistics of the Marquette and Menominee iron-ore districts 
have usually been given together, but the districts are not contigu-
«.ms. In a list of eigllty-two mines in the two districts, which are cred-
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ited in the Marquette Mining Journal with having produced iron ore in 
one or all of the last three years, fourteen are located in the Menominee 
district. The production of iron ore in 1884 in these two districts and 
by the isolated Colby mine, in Ontonagon count.y, also in Upper Mich-
igan, was 2,455,9~4 long tons, of which the Menominee district produced 
698,047 tons. In 1882, however, the two districts alone produced the 
exceptionally large quantity of 2,947,392 tons, and in that year the pro-
portion of the Menominee district was 1,032,611 tons. The mm;t pro-
ductive mine in the whole Lake Superior. region in 1883 and 1884 was 
the Chapin mine, in the Menominee district, which produced 265,830 
tons in 1883 and 290,972 tons in 1884. The Lake Superior mine, in the 
Marquette district, has, however, produced a still larger annual product, 
its output in 1882 being 296,509 tons. This latter mine has been the 
most protlnctive of all the mines in the Lake Superior region, the Cleve-
land, J~ckson, and Republic mines, in the same district, coming next 
in the order mentioned. 
Since 1856 the total production of iron ore on the southern shore 
of Lake Superior bas amounted to 24,809,391 long tons. Most of the 
-0apital that has been invested in the development of the iron ores of 
this region has been supplied by New England, New York, Pennsyl-
vania, and Ohio. 
4. The Vermilion Lake iron district, in Saint Louis county, Minnesota, 
on the northern shore of Lake Superior. embraces several extensive 
mines that are opened or exposed, the most of them containing bard 
hematite ores of the same general characteristics as those found on the 
.southern shore of the lake. The first shipment of iron ore from this dis-
trict. took place July 31, 1884, over the Duluth and Iron Range railroad, 
which connects Two Harbors, on Lake Superior, 25 miles nort,beast of 
Duluth, with the town of Tower, at the mines, the distance between the 
two places being 72 miles. This road, which is under the control of the 
Minnesota Iron Company, the owner of all the mines, is to be continued 
from Two Harbors to Duluth, where it will connect with the railroad 
sy tern of the United State . At Two Harbors are extensive piers at 
which ve els will receive the ore, which it is expected will find its 
principal market at port on the lower lakes. The shipments in 1884, 
all to the e port , amounted to 62,124 tons. Shipments will be largely 
incr a ed in 18 5. Of the vast extent and uniformly good quality of 
the iron ore of this district there is no room for doubt, and the facili-
tie for hipment are favorable. The policy of the company will be to 
hip only the be tore . All the Vermilion Lake ores are sufficiently 
low in pho phoru for Be emer purposes, but they contain little or no 
mangane . 
Th exi tence of iron ore in this district was discovered by explorers 
a out tw nty year ago, but it wa not until 187 4 that any t ps were 
tak n to a certain th ir xtent or value, and not until 1883 that the 
building of the railroad wa commenced. A few of the mine were 
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opened in 1881 and 1882. The development of this district is in the 
hands of experienced capitalists, at the bead of whom is Mr. Charle-
magne Tower, of Philadelphia. 
The following analyses; made by Messrs. Carnegie Brothers & Com-
pany, limited, of Pittsburgh, present a fair average of a large number 
which have been made of average samples from the Vermilion mines. 
The analyses here gh·en are of ores from the mines which supplie~ the 
shipments in 1884. 
Analyses of ore from Vermilion Lake mines. 
• Breitung. Stone. Lee . 
Per cent. 
Metallic iron. . . . . . .. . . . . . . . . . . . . • . . . • . . . . . • • • • . . • . . . . . . . . . . . . . . . • . . . . . 69. 700 
wbao~tii~~~es: :,: : : : : ·: :: : : : ::: ::::::::: :: : : : : : :: : : : : : : : : : : : : : : : : : ::: : : : ... - .. ·: 047. 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • 007 
Silica . . . . .. . . . . . .. . .......... ........ .. ..••.• ...•.. ....... .. . . ... . . . . . 700 
.Alumina. ........... . ... _ ............................................... .. ........ . 
Lime................................ . .. . .... . ........................ . 350 
Magnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . trace 
Per cent. Per cent. 













It is a fact of much interest that Minnesota, one of the prairie States, 
should promise to become a large producer of iron ore. 
5. In the vicinity of Gogebic lake, in Ontonagon county, Michigan, 
on the southern shore of Lake Superior, and west of the Marquette 
and Menominee iron-ore districts, are extensive deposits of iron ore of 
the same general characteristics as the ores found in all the other Lake 
Superior districts. The existence of marketable iron ore in this dis- • 
trict was discovered in 1880, but owing to the absence of railroad 
transportation no attempt was made until quite recently to develop 
any of the deposits, which will not be worked together, being controlled 
by various projectors and operators, principally under leases from the 
Lake Superior Ship Canal, Railway, and Iron Company. About twenty 
openings have been made, but down to the close of 1884 shipments of 
ore had been made from only the Colby mine, lying about 6 miles east 
of the Montreal river. It is claimed that the existence of extensive for-
ests of hard wood in close proximity to the iron-ore deposits, and to 
calcareous marl as a fluxing material, justifies the erection of blast fur-
naces in the district. Analyses of numerous samples of marl found in 
the district show the deposits to consist of nearly pure carbonate of lime 
with but a trace of phosphorus. · 
The Milwaukee, Lake Shore and Western railway was completed to 
the Gogebic district in 1884, and during 1885 it is expected that it will 
be completed to Ashland, Wisconsin, on Lake Superior, where there is 
an excellent harbor and where expensive piers are being built, and 
from which it is expected that considerable shipments of iron ore to 
lower lake ports will be made before this year closes. It was over 
268 MINERAL RESOURCES. 
this road that the ore from the Colby mine was shipped by way of Mil-
waukee in 1884:. The quantity shipped amounted to 1,022 long tons. 
It was received by Carnegie Brothers & Company, limited, of Pitf,sburgh, 
for use in their blast furnaces, and gave complete satisfaction. It con-
tained a large percentage of manganese. From the Colby mine to Ash-
land the distance by railroad will be less than 50 miles, and from any 
of the mines in the vicinity of Gogebic lake to Ashland the distance 
will probably not exceed 75 miles. 
In Ashland county, Wisconsin, just west of the Montreal river, 
which forms the boundary between Michigan and Wisconsin, are several 
promising iron-ore deposits which await development. 
Analyses of the iron ores of the Gogebi<! district show that they are 
rich in metallic iron,, very low in phosphorus, variable in silica, and 
free from sulphur. They are as a rule adapted to the manufacture of 
-Bessemer pig iron. In a few mines manganese is also found in suffi-
cient quantity in combination with iron to produce spiegeleisen. A few 
analyses of ore from the Colby mine are subjoined : 
Analyses of 01·e from the Colby mine. 
No. 1. No. 2. No. 3. No. 4. No. 5. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
Iron and manganese............................... 60. 040 62. 340 62. 760 66. -020 61. 270 
Metallic iron .................................... ·1 48. 630 55. 490 \ 57. 140 65. 100 52. 700 
Phosphorus . . . . . . •• • • • . • • • . . . . . . • . . • . • . • . . . . . . . . • . . 083 . 070 . 071 . 042 . 075 
Silica. .. .... ..•. .•.•...... ..••...... •. . . ..•......•. · 1 6. 080 I 2. 680 I 3. 690 I 8. 840 1. 820 
Mang:i.neae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 410 6. 850 5. 620 . 920 8. 570 
Most of the analyses of the iron ores of this district that have been 
made show metallic iron ranging from 50 to 66 per cent. 
6. There are four distinct iron-ore fields in Missouri, known as the 
Iron Mountain, the Southeastern, the South west, and the Western dis-
tricts. "The Iron Mountain region," to quote t.he words of Mr. W. B. 
Potter, " although much the smallest in area, is by far the most impor-
tant, since it has produced, and still is capable of producing, more ore 
than all the other regions combined." This district is located in Iron 
and Saint Fran9ois counties, from 80 to 90 miles south of Saint Louis. 
The principal deposits of the district are known as Iron Mountain and 
Pilot Knob. The former has been worked since 184:5, and the latter 
since 184 7. They have frequently been described. Iron Mountain alone 
has produced about 3,000,000 tons of ore; Pilot Knob has produced 
about 1,000,000 ton . In 1872 there were mined and hipped from Iron 
Mountain alone 269,480 tons. A large part of the production of Iron 
Mountain and Pilot Knob has been taken to Pittsburgh and other places 
on the Ohio river, but in recent year hipments have been mainly to 
nearer 1 calitie . Below are two analy es of Iron Mountain ore, taken 
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from a paper prepared by Mr. W. B. Potter in 1884, and published in 
the Journal of th-e United States Association of Charcoal Ironworkers: 
.Analyses of Iron .Mountain ore. 
Peroxide of iron ............ . 
Protoxide of iron ........... . 
Silica ...................... . 
Alumina. .................... . 
Lime ..............•........•. 
::~!!i;s~::::::: ·.:: ~:::::::: 
Sulphur ....... . ............. . 
Phosphoric acid ............. . 






























The following analyses show the chemical composition of the iron 
ores of P!Iot Knob: 
Analyses of Pilot Knob ore. 
Per cent. Per cent. 
Peroxide of iron ...................... . 
Protoxide of iron ..................... . 
Silica . ................................ . 
Alumina. .. .. .......................... . 
Lime ................................. . 




















100. 325 100. 647 
Metallic iron........................... 59.150 64. 9100 
Phosphorus...... . . . . . . . .. . . . .. .. .. . . . . • 015 • 0031 
A statement received from the Iron Mountain Company · gives the 
average analysis of a series of samples of No. 1 ore from Iron Mountain 
as follows: 
Metallic iron ...... . ............................ .. 
Silica. ........................................... . 
Sulphur .........•••.........•••...••............. 






In Crawford and Dent counties, Missouri, in the southwest section, 
just west of the Iron Mountain district, are numerous mines of rich 
ore operated by the Missouri Iron Company and by others. Several 
analyses of the ores of this section have been received from this com~ 
pany,-which show metallic iron ranging in every case above 60 per cent., 
with a very low percentage of phosphorus, little or no sulphur, and 
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variable silica. One of these analyses of the surface ore of Simmons 
mountain is as follows : 
.Analysis of Simmons Mountain 01·e. 
Peroxide of iron .....••••.......•......•.•........ 
Silicic acid ............••••......•......•......... 
.Alumina .•.•...•••••...•....•......••••.•.••..... 
Lime ............................................ . 
wh~~~:io. icid:::::::::::::::::::::::::::: : : : : : : 
Metallic iron ...........•............•............ 











7. The immense Cornwall iron-ore deposit in Lebanon county, Penn-
sylvania, appears to be no nearer exhaustion to-day tp.an when it was 
first opened, a hundred and fifty years ago. Detailed analyses of six 
samples of the ore of this mine are given below," selected," as stated, "to 
give a general average of the quality of the ore." The mines supply a 
large number oflocal and neighboring furnaces. Pig iron made from this 
ore has been largely used as a mixture with other pig iron in the manu-
facture of Bessemer steel. 
.Analyses of Cornwall ore. 
No.1. No. 2. No. 3. No. 4. No. 5. No. 6. 
--------------1---------- ---------
Per cent. Per cent. Per c1mt. Per cent. Per cent. 
Magnetic oxide of iron...... . . . . . . . . . . • . 78. 278 62. 198 67. 282 68. 965 53. 075 
Sesqnioxide of iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '!'race. 22. 794 
Oxide of copper.. ....................... 1. 840 1. 480 Trace. . 250 1. 300 
Oxide of cobalt......................... . 200 . 095 . 1~3 . 067 . 076 
Oxide of manganese . . . . . . . . . . . . . . • . . . . . Trace. Trace. Trace. Trace. Trace. 
r~~~~~::::::::::::::::::::::::::::::: t~~~ i:~~g }:m u~: u~~ 
Sulphuric acid .......................... . 039 . 204 . 105 . 013 . 187 
Pho phoric acid . . . . . . . . . • . • •••• •• . . . . . . . 072 . 010 . 006 . 002 . 003 
Silica....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 082 28. 000 18. 240 2. 200 37. 860 











Irou pyrites............................ 5. 222 1. 792 8. 299 1. 479 
Water, etc................... . .......... . 629 .598 2. 522 2. 943 . 603 2.107 
Total .............•....•.......... loo.000100-000199.916 ~ 00:-soo ~ 
Metallic iron .................. . . . . . . . . . . 59. 229 1 46. 422 1 52. 666 65. 952 39. 380 64. 992 
w:~:~~~:~p-~~:::::::::: ::::::::::::::: 1: ~:~ I 1: ~~1 I : g~~ : ~g~ 1: ~~~ I : g: 
ulphur . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . 2. 910 1. 672 4. 549 . 045 1. 076 ...•..... 
8. The Salisbury iron region is properly confined to the town, or 
township, of thi name in the northwestern portion of Litchfield county, 
'onnecticut, but it i frequently referred to as embracing also the con-
tiguous countie of Columbia and Dutche s, in New York, and Berk-
hire, in Massachu etts, the whole constituting a strip of country from 
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10 to 15 miles wide, in which may be found about twenty charcoal fur· 
naces. The .ores of this celebrated region are brown hematites, some of 
which are found in beds and others in veins. In the Salisbury region 
proper there are seven charcoal furnaces, which are supplied with ores 
from three mines, known as the Old Hill, Davis, and Chatfield. Iron has 
been manufactured in this part of Connecticut since 1734. Subjoined 
are complete analyses of the ores of the three mines mentioned, which 
stil1 show no signs of exhaustion: 
Analyses of ore from the Salisbury district. 
Davis. Chatfield. Old Hill. 
Per cent. .Per cent. Per cent. 
~:=~~~~i: if ~~~g~~~;~:::::::::::::::::::::::::::::::::::: :::::: :::: 7t i~i 78: ~~~ 73: ~! 
Silica . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. . . . . . . . . . . . . . 7. 580 6. 630 10. 48 
Sulphur ................................................................. 082 .048 .07 
Phosphoric acid........................................................ . 032 . 501 . 57 
Lime, magnesia, alumina, water, etc................................... 15. 210 13. 857 14. 41 
Metallic iron .......................................................... . 
r~;i~:;~~~~~~~: :~::: ::~~:: ::::::::::: :::::: :: :::::: :: : : :: ::: : :: : : : 














The pig iron produced from the Salisbury iron ores is in high repute 
for the manufacture of car wheels and of rolls for rolling mills, but it is 
also in demand for all purposes requiring great strength a.nd tenacity. 
More than a century ago there were many forges in this district which 
produced bar iron of superior quality. The American navy has been 
supplied with many guns roade from Salisbury iron. Only the ore of 
the Davis mine appears to be adapted to the manufacture of steel. 
9. The State of New York is very rich in iron ore, the principal de· 
posits of which lie along its eastern border, on both banks of the Hudson 
· river and in the neighborhood of Lake Champlain. Much of the ore is 
magnetic, rich in irou, and low in phosphorus. In Clinton · and Essex 
counties, in the Champlain district, iron has been made directly from 
the ore in numerous charcoal forges (more properly bloomaries) since 
the beginning of the century, and considerable quantities of pig iron 
ha~"e also been ma.de in these and neighboring counties with anthracite 
coal and with charcoal. The annual production of iron ore in this dis· 
trict ranges from 500,000 to 600,000 tons. The quality of the iron 
made in this whole region is most ·excellent, and it enjoys a, h1gh repu-
tation for various uses. As a rule the iron ores of this district are not 
adapted to the manufacture of any kind of steel, but some Bessemer 
pig iron is made in the district, and some mines produce ores the blooms 
and billets from which have been used in the manufacture of crucible 
steel. The following analyses are of the ore of one of the oldest iron-
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ore companies in this section, the Port Henry Iron Ore Company, whose 
mines are located in Essex county: 
.Analyses of 01·e from the Port Hem·y mineB. 
No.1. No.2. No. 3. No. 4. No. 5. No. 6. No.7. 
- --------- ------ --
Percent. Percent. Per cent. Per cent. Per cent. Per cent. Peroent. 
:Magnetic oxide of iron . .•.... 88. 323 88. 772 76. 608 81 381 85. 559 84. 623 92. 78 
Phosphoric acid . . ... .. . ...... l. 791 1. 513 4. 227 4. 694 3. 297 3. 495 .71 
Equh-alent to-
64. 287 58. 935 61. 957 61. 279 67.19 Metallic iron .•.•....•...•.... 63. 958 55.475 
Phosphorus .................. . 782 .661 1.846 2. 050 1.440 1. 528 . 31 
10. The Chateaugay Ore and Iron Company, whose operations are on 
a large scale, was organized in 1881 ( after the boom of 1879 and 1880), 
for the development of the Chateaugay mines, in the vicinity of Cha-
teaugay lake, in Franklin county, west of Lake Champlain, the port 
of shipment being Plattsburgh, on the last named Jake, with which the 
mines are connected by a railroad 35 miles long, owned by the company. 
Tbe company owns about 75,000 acres of land. Since the commence-
ment of operations in 1881 it has mined 752,101 tons of ore. The out-
put was 102,626 tons in eight months of 1881, 240,377 tons in 1882, 
194,704 tons in 1883, and 214,394 tons in 1884. To meet an extraordi-
nary demand a production of 500,000 tons per annum is possible, the 
mines being fully equipped with powerful machinery and the ore being 
favorably situated. The mining plant employed by this company is one 
of the most extensive and complete in the country. In addition to its 
mining operations the company is a large producer of charcoal blooms, 
owning a number of forges in the neighborhood, and it also owns and 
operates one charcoal furnace at Plattsburgh. Much the larger portion 
of the ore produced by this company is, however, sold to furnace owners 
in New York and neighboring States, where it has been used in the 
manufacture of Bessemer steel and for other purposes. Subjoined is an 
analysis of Ohateaugay ore, obtained from the company : 
Analysis of Chateaugay 01·e. 
P eroxide of ir on .. . . .. . .. .. .... . •• •. .•.. .•• ••.. 
P rotoxide of iron ...... . . . .. . ... . ......... .. . . . 
P rotoxide of manganese .•.. . .... .. •.......• .. .. 
Alumina .... ..... .. ...... . .. . .... . . .. . .. . ..... . 
Lime ............ . .. .. ...... • . ...... ....... .. ... . 












Metallic iron . . . . . . . • • • • • . • . . . . . . . • . . . . • . . . . • • • . 49. 750 
Phoephoru.a . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 026 
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1.L tn the immediate vicinity of New York City, and near to the 
Hudson river, are two celebrated iron·ore fields, one known as the 
mines of the Sterling Iron and Railway Compa1:1y, which have been 
worked since 1750, and the other known as the Tilly Foster mine. The 
Sterling mines embrace about :32,000 acn•s in Orange and Rockland 
counties, and the Tilly Foster mine is in Putnam county. The Sterling 
ores are most used in the manufacture of foundry and mill pig iron, but 
the ore of some of the mines is a pure Bessemer ore. The reputation 
of the Sterling ores was made by the Long mine, which was discovered 
in 1750. The" Big mine" is the one that is now most worked. Its ores 
contain some phosphorus. The company itse1f operates two anthracite 
furnaces. The following are analyses of the ores of two of thp, Sterling 
mines:' 
Analyses of Sterling ore. 
Cook mine. Scott mine. 
Per cent. Pe11 cent. 
Metallic iron . . . . . . . . . . . . . . . . . . . 64. 24 65. 47 
~ilfu~e-~:::::::::: : : : : : : : : : : : : : : : 2i: :~ 2g~ 
1V!i~~~::::::::::::::::::::: No::e~r None: ~i 
Lime . . . . • • . . . . . . . . . . . . . . . . . . . . . . 72 1. 59 
Magnesia....... . . . . . . . • . . . . . . . . . 29 • 56 
Oxide of mangan~se . . . • . . . . . . . . . 17 . 32 
1----1-----1 
98. 664 99. 02 
The Tilly Foster ore is largely used by the Lackawanna Iron and 
Coal Company in the production of Bessemer pig iron, at Scranton, 
Pennsylvania, and it has also been used for the same . purpose by the 
Bethlehem Iron Company. We subjoin an ana1ys_is of this ore which 
has been furnished by the Lackawanna Iron and Coal Company : 
Analysis of Tilly Foster 01·e. 
Magnetic oxide of iron .... .... ........••..... .. 
~iiti: ~~ ~~~~~~~~~------.-.-.-:: :::::: :::::: :::::: :: 
Alumina. ..............•....................... , 
Lime .....................••......••............ 
Magnesia .......•••................. . .......... 
~~1t~~f c" ~id:::::::::: : : : : : : : : : : : : : : : : : : : : : : : : 












Metallic iron. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48. 82 
Several other iron-ore deposits of similar character, which are appar-
ently large but imperfectly developed, exist within a few miles of the 
Tilly Foster mine. 
2MR--18 
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12. A new iron-ore field was developed in 1883 on the east side of the 
Huuson river, in Columbia county, by the Huc:Ison River Ore and Iron 
Company, which has expended a large sum of money in prosecuting its 
enterprise. The ore of this district is described as a carbonate that is not 
greatly unlike the Cleveland ore in England, but much richer. When 
roasted it is adapted to the manufacture of Bessemer steel. The quan-
tity of ore mined in 1884 by the company owning this property amounted 
to 90,000 tons. The deposits are very large. The following analyses of 
the ore after it had been roasted are taken from the 'Iron Age: 
.Analyses of roasted ores from Columbia county, New York. 
No. 1. I No. 2. 
Per cent. Per cent. 
Metallic .i.ron . . . . . . . . . . . . • . . . . . • . . . . 51. 160 50. 820 
Silica . . . . .. . . . • • • . . • . . • . . . . . . . . .. • • . 9. 200 9. 030 
itts~b~;~s::::::::::::::::::::: ~::: : g~g : ~gf 
Messrs. Crocker Brothers, of New York City, the agents of the Hudson 
River Ore and Iron Company, furnish the following more complete 
analysis of roasted or·e : 
.Analysis of roasted ore from Columbia county, New York. 
Peroxide of iron .•........•••••.•••.• : ••..... 
Protox.ide of iron ••.. ..................•..•. 
Protosesquiox.ide of manganese ........ . . •. . 
Alumina .............. ... .................. . 
Lime ....•••.. .. .. . ......................... 
f &~( l~~~i~) ;::: :: : : : i :;;:: :::::::; i 
Metallic iron ................... ....... . .... . 

















13 . .All the irop ores of New Jersey that are now mined are in the 
northern part of the State. They are chiefly magnetic. In the last 
century and during a considerable part of the pr~sent century bog ore 
wa u, ed in a, number of charcoal furnaces in the southern part of the 
State. Most of the ore, that are now mined are only suitable for forge 
or foundry purpo e , but ome are well adapted to the manufacture of 
Be em r pig iron as they come from the mine, while others contain too 
urnch ulphur for thi purpo e and require to be roasted. These ores 
ar' al ·or a. t d when u ed for other purposes. We ubjoin two analy-
s -' of magnetic ore , btained in Sussex county, which are very low in 
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,sulphur and are used at Franklin furnace in the manufacture of Bes-
semer pi~ iron : 
Analyses of ores from Sussex county; New Je,·sey. 
Hil+ vein. Furnace vein. 
Per cent. Per cent. 
Magnetic oxid e of iron . . . . . . . . . . 69. 50 65. 40 
Oxide of manganese . . . . . . . . . . . . . . 46 4. 13 
smca. . . . . . . . . . . . . . . . . . . . . . . . . . . . 18. 27 1. 05 
Alumina. . . . . . . . . . . . . . . . . . . . . . . . . . 27 . 18 
Lime . . . . . . . . . . • • . . . . . . . • . • • . . . . 5. 00 9. 74 
rniih~~~: :: : _ _-_: ·:: :: : : :: ·_: ::: :: 2: rg 6: :~ 
Carbonic acid . . . ................. 3. 55 · 11. 93 
Phosphoric acid.......... . . . . . . . . 03 . 05 
Graphite . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . 78 
----1----
99. 91 100. 15 
Metallic iron .••.•••••...•....... 50.32 47. 35 
A larger general average of the New Jersey magnetic ores would 
show a higher percentage of metallic iron and would be more favorable 
in other proportions for special purposes. For example, the ore. of the 
Richard mine in Morris county, owned and operated _by the Thomas 
Iron .Company, averages 60 per cent. of metallic iron, and contains some 
phosphorus but no sulphur. 
The present state of the iron-ore industry of New Jersey is desoribed 
as follows· by the State geologist, Prof. George H. Cook, in his annual 
report for 1884: '' The low price ·of iron ore and the light demand for 
ore at ~lmost any :figure have caused a large shrinkage in the pro-
duction and closed many of our mines. The large and increasing 
importations of iron ores from Spain and Africa also operate against 
our mines, since these rich and pure foreign _ores can be put down at tlle 
furnaces near the seaboard at lower rates, per unit of metallic iron, than 
the New Jersey ores can be profitably mined and shipped to these sarue 
points. Besides, the adaptation of the former to the making of Bes-
semer iron enables them to compete successfuJly with our own Besse-
mer ores which are as yet scarcely developed. The discovery of new 
and productive mines along the Hudson, where ore can be obtained at 
a minimum of cost, also makes the competition for the Pennsylvania 
market sharp and telling against some of our mines where the ex-
penses of mining are relativels larger, although our magnetic ores are 
richer." 
14. So many varieties of iron ore are found in Ohio, and they are so 
widelydi:-;tributed, that the State at first sightniight be called rich in irou 
ore, and yet it annually makes more iron from Michigan ores than from 
tbe ores of its own mines. Pennsylvania, also, although celebrated as 
the leading iron -prodnt:i11g- State, annually makes more irou from ores 
mi11..-<1 ontsidP it :-- borders tl1:111 ,~ it hiu them. A quart<:rof a century ago 
Professor Lesley wrote of I'euus_yl va 11ia: "'l..'he reputation of tliis State 
for iron has resulted more froru the energetic, persevering German use, 
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for a century of years, of what ores do exist, than from any extraordinary 
wealth of iron of which she can boast." In Ohio the ores of native ori-
gin are generally very lean, and too high in phosphorus to be serviceable 
in the manufacture of steel. Economy in the one case and necessity in 
the other combine to create a demand for Michigan ores, which are trans-
ported to ports on Lake Erie at comparatively slight ~ost, meeting the 
fuel to smelt them at many places in Ohio, even as far south as the Ohio 
river. Michigan ores are taken in large quantities to the Shenango 
,alley and to Allegheny, Cambria, and other counties in western 
Pennsylvania. Spanish and other foreign ores also find their way to 
this part of the State, and are still more largely consumed in the east-
ern part, in both seetions meeting the best of mineral fuel. Michigan 
and foreign ores are used in Pennsylvania because of their fitness as .a 
mixture with native ores and their comparative cheapness, and also 
because of the leanness of so many of the native ores and of the phos-
phorus that most of them contain. 
Analyses of the ores of Ohio and Pennsylvania are unnecessary, 
their character being well known. It iµust be added, however, that 
Ohio is a large manufacturer of rolled iron and of the best qualities of 
foundry iron, produced from its Hanging Rock, blackband, and other 
native ores, and that the bar, plate·, and sheet iron of Pennsylvania 
and its foundry iron, made exclusively from native ores, are unexcelled 
anywhere. In both States charcoal is still used as fu~l in many 
furnaces. 
15. Indiana and Illinois produce so little iron ore that details may 
properly be omitted. The same observation may be made of all the 
New England ~tates except Connecticut, which has already been no-
ticed. Illinois is, however, one of the most prominent iron and steel 
producing States in the Union, but the ores it uses are mostly drawn 
from Lake Superior and Missouri, and the fuel for its blast furnaces is 
obtaioed mainly from the ConnellsYille region of Pennsylvania. 
16. Del.aware does not now manufa~ture pig iron, although it contains 
ome small deposits of very good ores for general purposes. Maryland 
i. not a large manufacturer of pig iron, but the pig iron that it makes 
from its own ores i noted for its great strength, and also for its adapta-
bility to the manufacture of car wheels. Some foreign ores are im-
port <1 into' thi State for use as a mixture with native ores. Very 
little Be emer pig iron has been made in Mary land. 
17. Iron ore are found in most parts of Virginia, and they are usually 
f go d quality, although very few are perfectly adapted to the manu-
facture of Be emer teel, and the e have thus far been found mainly 
in mall pockets. It i pos ible that large bodies of ore may yet be 
<1 •v lop d al ng the line of the Norfolk and Western and the Sbenan-
tl1;ah all y railr ad', and el ewbere, which will be suitable for the 
m,urnfc ctm of t I. lu outhwe tern Virginia pig iron of a very su-
pcri r qnality £ r them nnfacture of car wheels has long been made in 
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charcoal furnaces. In other parts of Virginia pig iron of excellent 
quality is made in a few charcoal furnaces and in several new and large 
coke furnaces, and this iron is :finding a market for general purposes a::; 
far north as New England. 
Near Crimora station, in Augusta county, Virginia, on the Shenan-
doah Valley railroad, is ~a large deposit of manganese ore ( describe, l 
more fully under the bead of Manganese, in this report), which has 
beeu worked for several years and which has contribu~ed during tlie 
past year a considerable quantity of ore for the manufacture of spiegel-
eisen and ferro.manganese, in Pennsylvania. An analysis of this ore 
gives 57.291 per cent. of metallic manganese, 0.373 of metallic 'iron, and 
0.075 of ph9spborus. There are other promising deposits of manganeRe 
ore in this State. 
Iu West Virginia a great variety of iron ores is also found, which are 
smelted with both coke and charcoal, but few if any of these have been 
used in the manufacture of steel. The Bessemer steel th::it is now man· 
ufactured at Wheeling is made from pig iron smelted from Lake Supe· 
rior and Missouri ores. The State is more noted for its C<?al deposits 
and for the large quantities of nails it manufactures than for its iron 
ores. 
18. An extensive deJ>OSit of magnetic iron ore is found on the western 
slope of Iron mountain, in Mitchell county, North Uaroiina, about 3 
miles from tlie Tennessee line, which is known as the Cranberry "ore 
bank." This deposit has been worked in a small way for a hundred 
years, the ore being converted into bar iron in neighboring bloowaries; 
but recently the Cranberry Iron Company has made preparations to 
ship the ore to other sections of the country, and it has also built a 
small charcoal furnace at the mines. The distance from the mines to 
places of consumption is, however, so great that up to the present time • 
but little ore bas been shipped, although its superior adaptability to the 
manufacture of steel is everywhere acknow !edged. It is practically free 
from sulphur and phosphorus. The following analyses of Cranberry ores 
are taken from Mr. P. M. Hale's work on 4' The Coal and Iron Counties 
of N ortb Carolina : " 
Analyses of Cranberry ores. 
No. 1. No. 2. No. a. No. 4. No. 5. 
Per cent. Per cent. Per cent. Per cent. 
Ma~netic oxide of iron .......... ___ ............... 94. 37 91. 45 85. 59 80. 77 
1i~;~~~.~~~~~~~~: ::::::: ::::: :: : : : :: :~::::::::: : :~ : ~~ : it 1J~ 
LimA --········-·--···-··············-········· .43 1.01 .72 
Ma~nesia ..... ·... _ . . .... -· ..... ·-· .. ··-··· ..... _.. . 36 . 53 . 33 
Water .. -·- ..... - .. ·-···· ··-- - ., ...... ·-... .. .. ... .a •• -- •. _. • 44 ·1. 53 8. 21 
S1lica,pyroxene, etc ....... ·- ····--·- · ·······-····· 4.16 5.74 11.48 9.08 
Sulphur . ..... · -···· ················-···-········ · ......... . ·······--· ···-······ ·-·-· ... . 











100. 00 100. 00 100. 00 100. 00 99. 9[ 
Metallic iron ·-····-·······························/~ 66.22 j 61.98 J 58.491 66.5:. 
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North Carolina h~s many other deposits of magnetic and hematite 
ores, which have been fitfully worked in a small way for more than a 
cent.ury, but none of these deposits, not even the Cranberry ore bank, 
will compare in extent with the immense deposits of Lake Superior, the 
Iron mountain arnlPilot Knob in Missouri, and the Cornwall ore hills 
in Pennsylvania. The coal deposits of North Carolina are as yet practi· 
cally undeveloped. 
19. The iron ores of Kentucky, Tennessee, ..Alabama, and Georgia 
embrace most known varieties; and they are certainly found in very 
large quantities, and are widely distributed. They have been worked 
for many years, some of them for a hundred years, and much of the iron 
made from them has enjoyed a very high reputation for strength and 
toughness. Until in recent years charcoal was exclusively used as fuel, 
but now coke is largely used, chiefly in new and modern furnaces. 
Chattanooga and Birmingham are now as well known iron centers as 
Pittsburgh, Youngstown, Johnstown, or other places in the North. 
Southern pig iron is shipped to Philadelphia, to New York City, and to 
Kew England markets and sold at a profit. The impetus recently given 
to the iron industry of tb.is region is largely due to investments of 
N ortbern capital. The four Southern States mentioned do not as a 
group produce any appreciable q aantity of steel, and for the reason 
that very few ores suitable for the manufacture of steel have been dis· 
covered. Even in the vicinity of Birmingham, where there are a dozen 
furnaces, no attempt bas yet been made to manufacture Bessemer pig 
iron, because suitable ores are not within reach. .Some ores, it is true; 
are ufficiently low in phosphorus, but they are practically unfitted for 
the manufacture of steel because of the very great irregularity in the 
occurrence of this obnoxious element. Ore has been taken. from some 
hematite veins in Alabama that was almost free from phosphorus, but 20 
yard distant in the same vein one.half of 1 per cent. of phosphorus has 
b n found. In Georgia and Alabama several small mines of manga· 
ni.C rous iron ore suitable for the manufacture of spiegeleisen harve been 
p ned and their product is now being utilized. Representative analyses 
of Alabama ores are annexed : 
Analyses of Alabama ores. 
Red hematite. 
Magnetic. 1-------,----
No.1. No. 2. No. 3. 
-----------------~----!---------
Per cent. Per cent. Per cent. Per cent. 
Oxide of iron.............................................. 66. 05 63. 87 84. 58 80. M 




Lime...................................................... ...... ...... .18 5. 06 .12 










tallioiron ...•..•.••..••.••••••..••.... ,................ 47.83 44.71 61.240 I 5G.45 
Pho 1,horu1 . . . . . • . . • . • • • • . • • . • • • • • • • . . . . • • • • . . • • . . • • . • • • • . .147 . 50 . 030 . 34 
I 
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The iron ores of Tennessee have long been celebrated. Bar iron was 
made in its Catalan forges a hundred years ago, and fifty years ·ago iron 
was made in considerable quantities in this State and shipped to Pitts-
burgh in the form of blooms. Much of the capital then used in develop-
ing its iron-making resources was supplied by Pennsylvania ironmas-
ters. In the manufacture of car wheels and best_"refined bar iron the 
iron ores of Tennessee have no superior. As one result of the extension 
of the railroad system of the State it is supposed that larger deposits of 
iron ore than have ever been worked within its borders will soon be de-
veloped. The iron ores of this State exist in such great variety that 
any analyses we might give of them in our limited space would repre-
sent only a small part of theth. 
The most important iron-making district in Kentucky is the Hanging 
Rock district, and yet this district now draws its principal supply of 
ore from Bath county, in the same State, but outside of the district. 
Considerable quantities of ore from Bath county are annually sent to 
Ashland, Kentucky, and also to Ironton and Columbus, Ohio. An aver-
age analysis of the ores of Bath county is as follows: 
.Analysis <>fore from Bath co1t1tty, Ke,ittwky. 
Peroxide of iron .••••..••.....•............... ' ... 
Alumina ........................••..........•... 
Lime .... .. ...................................... . 
fmra~~i~:: :: : : : : :::::: :: : : :::: :: ::: :: : ::: : :: : : : 
Phosphoric acid .. _ ..• _ .•••••••.•• 1 •••••••••••••••• 
Water ...........••..••.•..•••••......•.....•.•. 















The only reason why the Hanging Rock region draws a large part or' 
its supply of ore from Bath county appears to be the greater richness of 
this ore as compared with Hanging Rock ores. The latter average 
about 32 per cent. of metallic iron, whereas the Bath county ore aver-
ages, as has just been shown, about 48 per cent. The requirements of 
modern furnace pr~ctice and the severity of competition now militate 
greatly in all sections against the use of lean ores. The Bath county 
ores produce a soft, fluid iron, very suitable for foundry purposes. The 
first blast furnace in Kentucky was built in Bath county in 1791. The 
iron ores of other sections of Kentucky produce excellent iron for roll-
ing-mill purposes. 
20. Outside of Missouri none of the States and Territories lying west 
of the Mississippi river have developed an iron industry of especially 
significant proportions. Colorado and California have made the most 
progrP;ss in this direction, but even their achievements have fallen very 
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far short of the results accomplished.by many of the older States. Nearly 
all of the States and Territories west of the Mississippi contain iron ore, 
but this part of our country is too vast and too new, and transportation 
within its limits is too restricted, to have either called for or permitted 
much attention to the manufacture of iron. In the light of present de-
velopments we may safely conclude that the iron industry west of the 
Mississippi and outside of Missouri will be of slow growth. The most 
recent and valuable discovery of iron ore in the section of country under 
consideration has been made· in Arkansas, where ore of a character suit-
able for the manufaeture of spiegeleisen has been found in Independence 
county in large quantities, and is now being used by Carnegie Brothers 
& Company, limited, and the Cambria Iron Company. · 
Sum,mary.-The foregoing bird's-eye view of the iron-ore resources of 
our country establishes a number of important facts. It brings freshly 
to mind the remoteness from points of ultimate consumption of the great 
Lake Superior iron-ore fields, ~here quant,ity and quality of ore are found 
in combinations unequaled in any other section. It shows that, widely 
as iron or~s are distributed in this country, such of these ores as are 
suitable for the manufacture of steel are confined to comparatively 
limited areas, but that they are in abundant supply. It shows that 
some of the most important iron-ore deposits in the country have been 
developed since the boom of 1879 and 1880. It shows that foreign ores, 
obtained in Spain, Italy, and other countries, are yearly imported into 
many States to be used either alone or as a mixture with native ores, 
anrl that the reasons for this importation are, first, their excellence for 
special purposes, particularly the manufacture of Bessemer pig iron and 
spiegeleisen, and, second, their cheapness as compared with native ores 
that must be transported long distances by rail. We do not, however, 
import annually one-fifth as much foreign ore as Great Britain, nor one-· 
half as much as France or Belginm, and but little more than one-half 
as much as Germany. As has been shown, o~r imports of iron ore in 
1884 amounted to only one-sixteenth of the total quantity of domestic 
iron ore consumed in that year. 
If the que tion were asked 1vhether this country could, if required, 
supply from within its own borders all the iron ore needed in every 
branch of it iron and steel indu tries, including the manufacture of 
the finer kind of crucible steel, the answer might unhesitatingly be 
made in the affirmative. We can make as good iron for crucible steel 
a the Swede do if we would only be as painstaking as they are. We 
have ores in great abundance for the manufacture of Bessemer steel by 
tl.te original or acid process, which is the only process for the manufact-
ure of thi kind of teel that now exists in thi country, if we except 
n nn ati factory experiment that has recently been made with the 
Thoma -Gilchri tor a. ic proce s, and one establishment for the manu-
f cture of 1 y the lapp-Griffi th process. The e ores are, however, 
no r adily acce ' ·ible all the Be mer e tablishments of the coun-
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try. We have discovered ores for the manufacture of spiegeleisen and 
ferro-manganese that would place our steel industry on a self-sustaining 
basis if our foreign supply of these products should be interrupted. 
We would be better off in this particular than Great Britain, which is 
practically without manganiferous iron-ore deposits. Manganese itself 
we export to that country. The firm of Carnegie Brothers & Company, 
limited, of Pittsburgh, uses only domestic ore in the manufacture of its 
high grade ferro-manganese. 
As steel has rapidly come into use in late years as a substitute for 
iron, no~ only for rails but for other purposes, it is a fact of some inter-
est, to which, we believe, public attention has not heretofore been 
called, that pig iron suitable for the Il)anufacture of Bessemer steel by 
the process that is now in use in this country has never been made in 
any part of the country south of the Potomac or south of Wheeling. 
Southern ores, with rare exceptions, are too high in phosphorus- for the 
purpose mentioned. If the South shouhl engage in the manufacture of 
Bessemer steel to a greater extent than it has yet done at Wheeling it 
would probably employ the Thomas-Gilchrist process, which requires 
that pig iron should be high in phosphorus that the work of elimination 
in the converter may be completely successful ; or it would employ the 
Clapp-Griffiths process, which is said to permit the presence in the steel 
itself of a large percentage of phosphorus without detriment to its 
quality, a result which is only rendered possible by the rigorous ex-
clusion of silicon. 
IRON IN THE ROCKY MOUNTAIN DIVISION. 
BY F. F. CHISOLM, 
Oolorado.-Tbe iron-ore mines of Colorado which have been devel-
oped are owned by the Colorado Coal and Iron Company. Other de-
posits are known, but they have not yet been opened, and the charac-
ter of their ore, except in the case of the Oebolla mines, is probably in-
terior. The principal iron ore mines owned by the Colorado Coal and 
Iron Company are the Placer, Grape Cre~k, Hot Springs, and South 
Arkansas. 
The Placer mine is on the Trinchera e~tate and on the west slope of 
the Culebra range. in Costilla county. The mine has been quite ex-
tensively opened, but has been abandoned because the ore became too 
mixed to allow ·of assorting at the mine. Tests of other mines in the 
neighborhood proved that the ore was of the same character . . In all 
14,775 tons of iron ore were produced from this mine. 
The Grape Creek property lies. at the head. of Pine gulch, in the Wet 
mountains of Custer county. The ore is a refractory magitetite carry-
ing from 13 to 15 per cent. of titanic acid. It occurs in diorite in ir-
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regular short veins of no great depth. The development is slight, and 
the ore is simply used for fettling the company's puddling furnace. Up 
to May 1, 1884, 921 tons of ore had been extracted, while a contract f<,>r 
450 tons more bad been let. 
The Hot Springs mines, six in number, lie on the western slope of t,he 
Sangre de Cristo range. The ore is a porous brown hematite of pure 
character, occurring in isolated masses on the slopes of the sharply 
rising foothills . . There are no regular or continuous ore bodies. The 
ore is mined by open cuts. The ore contains, according to analyses 
made for the company : 
Percent. 
Iron ..•............•..................... 53. 37 to 57. 60 
Silica . .................................. . 7. 90 5. 60 
rt!:~~~~~-~~:_:_:::::::.:.:.~::::::::::~::::: 0. 20 0. 005 0. 034: o. 014: 0.35 
t=:f:;::::::::::::::::::::::::::::::: 0. 70 o. 74 .50 .40 
Manganese ............................ . 1. 05 1. 59 
Up to May 1, 1884, 76,194 tons of ore had been produced, of which 
11,179 tons were mined in 1884. The ore exposed is estimated by Mr. 
C. M. Rolker to be certainly 25,000 tons in the developed properties, 
while in the others there is perhaps from 25,000 to 50,000 tons more. 
The amount of ore on the dumps . May 1, 1884, was 8,525 tons. The 
deepest shaft on these properties is 294 feet. 
The South Arkansas mine is situated about 19 miles from Salida, in 
Chaffee county. It includes six mining claims and embraces some 700 
acres of ground. This is considered to be the most valuable property 
owned by the company. The ore body is opened by a tunnel 756 feet 
long and an incline of 290 feet. The lode dips 430, and at the outcrop 
its full width is probably 30 feet, with 8 feet of good and 5 feet of mixed 
ore. From the developments Mr. Rolker estimates the amouµt of ore 
in sight at 179,600, or, conditional upon certain further developments, 
236,000 tons. Officers of the company estimate the exposed ore at a 
much greater figure. There- were piled in the mine April 1, 1884,abont 
8,000 tons of good ore. Analysis of the outcrop showed : 
Per cent. 
Hetallio iron . . . . . . . • . • . . . • . . . . . . . . . . . • • . . • • • • • 31 to 48 
Silica...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 38 
· Analysis of car sample of raw 01'e taken, as shipped; 
,-. L-.......... ................ ....... tr::: 
s~it~;::::: ::::::::::: ::::: :: :: : : ::: : : : ::: : :: I 1t :g 
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.Analysis of an average of a large lot of roasted ore. 
Metallic iron .......•....•...................•. 
Silica .............. ........ ......... -- ·-. - .. - •. 
!!~:~~: ::::::: ::: : ::: : : : ::::::::::::: :::: :: :: 
Alumina ..................................... . 
~~::!:a:::::::::::::::::::::::::::::::::::: 







4. 09 .22, 
Percent. 
Metallic iron . .. • . • . • • • . . • . • • . . . . . . . . . . • . . . . • • . . 59. 00 
Silica........................................... 7.10 
Sulphur_ ...................... ··:···............ 1. 26 
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. Up to May 1, 1884, the mine had yielded 45,483 tons of ore, of which 
6,873 tons were mined in 1884. Some of the ores from this region con-
tain quite large quantities of iron pyrites and must be roasted. 
Beside the mines owned by the Colorado Coal and Iron Company, 
iron ore is known to occur in quite a large number of localities, but 
nowhere in great quantity except on Cebolla creek, in Gunnison county, 
and near Gunnison City. The ore here is said to be a good magnetite, 
and the following analysis is furnished : 
Magnetic oxide of iron ..•..•.•........••..•..•. 
Peroxide of iron ............................... . 
Alumina ...................................... . 
rira~~~~·:::: = =:::::::: = = = =::: =: =::::::: = = = _:::: 
Phosphorus .. . ................................ . 











This ore contains 68.06 per cent. of metallic iron. The deposits here 
are quite large, and a company was formed for the purpose of working 
them and for the erection of foundries and furnaces, but little has been 
done beyond the sur'vey of the ground for the location of the works. · 
Beds of iron ore of limited extent are also found in the Laramie rocks 
near the coal seams at. L~gford, Morrison, Como, and elsewhere. Mr. 
Marshall, owner of the Marshall coal mine, first smelted iron ore in Colo-
rado with a small furnace at Langford. Before 1873 he produced in a 
two months' run some 250 tons of pig iron. It was found that it re-
quired 5,000 pounds of ore to make one ton of iron. The ore used was 
mined in the immediate neighborhood of the coal bank, but after a fair 
trial the supply proved insufficient, and the furnace was abandoned. 
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The red hematite ore found near Morrison was formerly manufactured 
in to paint, but the mill has been closed for some time. 
The Colorado Coal and Iron Company OWll at South Pueblo iron and 
steel works, rolling mills, a,nd nail factory. · The plant at the st<':el 
works consists of one blast furnace 65 feet high, with 15-foot bosh, and 
thn·e Siemens hot stoves of the usual construction 56 fee_t high and 15 
feet G inches in diameter, and blowing engine and necessary boilers. 
Furnace No. 2 is not yet completed. The converter house has two cu-
pola furnaces 8 feet in diameter, two 5-ton converters, with necessary 
cranes, heaters, pumps, and blowing engines. The boiler house con-
tains thirty boilers. In the blooming mill and rail mill there am three 
Siemens regenerative blooming furnaces with hydraulic drawing and 
charging apparatus, a 35-incb bloom train, 42 by 48-inch engine, and 
blooming- mill table ; also power rolls, shears; one reben.ting furnace, 
with power-drawing apparatus and cGnveying buggy to rail rolls. The 
rail roll i::; a, tllree-high 23-inch train, with necessary power rollers, hot 
aws in gangs of three, bot straightening plate, cold straightening ma-. 
chine, arnl slotting and <lrilling-machine._ The puddling mill and nail 
factory are supplied with two "double double" and one "single double" 
Siemens puddling furnaces, a three-high 20-inch muck train with Bur-
den squeezer attached, shears, one Siemens heating furnace, and one 
scrap-furnace, one 22-inch nail-plate train and shears, twenty-seven nail-
cuttiug macliines, all of improved pattern, and the necessary apparatus 
for ulueing, tumbling, and annealing. Tile works are supplied with 
twenty-four Siemens gas producers, which supply gas for all the heating 
and puddling furnaces throughout the works. The works have their 
own foundry with two cupolas, complete machine, pattern, carpenter, and 
black mith ohops, planing mill, and brick yard, and are lighted by Brush 
light . In addition to this plant, the rolling mill formerly in Denver 
ha been moved to Pueblo, adding to the plant there two heating fur-
nace for 16-inch bar train, one heating furnace for 10-inch train, four 
boiler , and two engines, one 24 by 60-inch and the other 16 by 22-inch, 
:ind <;>ther nece sary machinery. This change was made simply for the 
·ake of economy in handling, and the rolling mill in Denver will be 
abaudoned for the present. 
'l
1 he production of iron ore and iron and steel by the Colorado Coal 
and Iron Company has been as follows : 
Iron ore mined by the Colorado Coal and Iron C<YTnpany. 
Mines. 1882. 1883. 1884. 
I 
Sh<>'ft tons. Short tons. Short tons. 
outh Arkanen . __ • _. _. _... l i, 202 10, 645 10, 483 
~1°,~~rri~-~~: ~:::::::: ·::::: 2!1, 100 25, 030 12, 406 
Silv r Cliff.··--- ____ .··--.. 
8
' m ____ --~'- ~~~- :::::: :::::: 
Grape <.:red,;, . -•. -• _ .•• __ •. . 801 ... ___ .• _ •.• ___ . _ •• __ .•. 
TotaL.·-·· ·-···· --··· I 53,4251 47,007 j 22,880 [ 
IRON. 
P1·oduction of iron and steel by the Colorado Coal and Ir01i Company. 
Products. 
1882. 
M;er~hant bar, mine r~il, etc ........... short tons .. 
~~~f;:s ·.·_·_·_·_·_ ·.·.·.·.·_-.:: :~::::::::: ~:::::::::: :i~:::: 
Muck bar (four months only) ................ do .. .'. 
Nails (four months onl_y) ..................... do ... . 
Spikes (six months only), ................... do ..•. 
Steel ingots (eight months only) ............. do ... . 
Steel blooms (eight months only) ............ do ... . 
Rails (eight months only) .................... do ... . 
Total. ........................................ . 
1883. 
Merchant bar, mine rail, etc ...•....... short tons .. 
t~!f it:::::::::::::::::::::::::::::::::::~~~:::: 
Nails ........................................ kegs . . 
Spikes ....................................... do .. . 
Steel rails ............................... long tons .. 
· 1884. 
Merchant liar ......................... short tons . . 
Minerail ....... .... .......................... do . .. . 
Pig iron (running ten months) ............... do ... . 
~a;~~§!;::::::_-_-::_-::::_-::::::::::::::: i~~g-tin:;_-_-
Nails ........................................ kegs .. 
Spikes ................ . ...................... do ... . 




























Wyoming.-Large beds of iron ore of excellent quality exist in the 
Seminoe mountains, in Carbon county. S?me of this ore has been 
shipped to smelting works at Salt Lake City and other western points, 
but no record of the output is obtainable. The red color of the oxide 
here renders it suitable for paint, and considerable quantities are used 
for that purpose. In Laramie county,. about 25 miles northeast of 
Laramie City, occurs an enormous mass of ore, which is called the Iron 
mountain. This locality is capable of furnishing indefinite quantities 
of iron ore. 
Jlfontana.-Iron in some form occurs in almost every county, but as 
yet none has been manufactured. Some very fine beds exist in the 
Yellowstone valley. 
Dakota.-Iron ore is also found in Dakota, but not in sufficient quantity 
or purity to render its extraction profitab]e. 
New Mexico.-In New Mexico the deposits of iron ore are numerous, 
extending from the Raton mountains to the Placer and Sandia mount-
ain=,, overlooking the Rio Grande. It is found of excellent quality near 
Las Vegas; while south of Santa Fe, in the Placer mountains, there are 
three n-iins (from 3 to 8 feet in width) of good ore. At the Hanover 
copper mine there is a heavy supply of iron ore, partly magnetic, partly 
a red hematite, forming a continuous ridge some miles ·in length. On 
the Rio Puerco, associated with the coal, occur frequent bands of iron 
ore of similar quality to that mined fo~merly at Marshall's mine in Colo-
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ra<lo, and in far greater quantity. East of the Gallinas range, and about 
30 miles west of Socorro, in Socorro county, there is a large tract of 
laud covered with nodules of iron ore varying from 100 to 500 pounds in 
weight, the ore being unusually pure and good. It has been shipped in 
large quantities for flux to the Cerillos smelter, the La Joya smelter at 
Socorro, and the Magdalena smelter at South Camp, in the Magdalena 
mountains . . Good iron ore occurs also in the Santa Rita, Burro, and 
other ranges in the southern portion of the Territory. 
IBON ON THE PACIFIC COAST. · 
BY C. G. YALE. 
Calijornia.-There are many deposits of iron ore on the Pacific coast, 
though very few have been opened and worked. While there is plenty 
of ore, fuel is scar\:e. The only mine in California being worked is tl.iat 
of the California Iron and Steel Company, at Clipper Gap, Pl~ccr 
county. The furnaces of this company, at Hotaling, in the same 
county, produced 4,500 tons of iron in 1881, and in 1882, after 990 tons 
had been made, a fire destro~·ed the works. These were rebuilt and 
again commenced work in 1883. In 1884 the output was 1,926 tons, 
the works having been closed part of the year on account of the low 
price of iron. Most of the output of 1884 was marketed in San Fran-
cisco, and sold readily (~~os. 2 and 3) at $33 per ton, being used in mak-
ing car wheels. The company owns about 10,000 acres of land., a large 
part of it timbered. The furnace plant at Hotaling bas a capacity of 
from 30 to 40 ton a day. The fuel used is charcoal, of which tllere is 
con urned about 100 bu~ hels to the ton. With other expenses of man-
ufacture, it costs to make the iron there about $18 per ton. The freight 
to San Francisco is $2.7u per ton, which, added to $18, tile cost, makes 
$20.75. There are 177 men employed, and they distribute in the county 
of Placer about $12,000 a montli. There has been no boiler-plate suit-
able for shop work made on the Pacific coast; but the California Iron 
and Steel Company has now. in addition to the plant at Hotaling, large 
malleable iron works and puddling mill at Emeryville, on the line 
of the Central Pacific railroad, in Alameda county, on the border of 
San Francisco bay. There are rolling mills in connection with the 
work . Mining work ha been continued, though the furnace bas been 
topped, but the latter will be put in blast in the spring of 18 5. 
A depo it i being opened in El Dorado county, between the middle 
and south fork of th American river, about 8 mile from Fol om. The 
vein i about 3 fe t wide and carries a high percentage of iron. At-
t mpt ham b n made to work the magnetic iron sandA of the ocean 
ache along th alifornia coa t, where extensive deposits exi ·t, but 
without practical ncces . Specimens of iron ore from twenty-one out 
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of the fifty-two counties of California are on exhibition in the museum 
of the State mining bureau. 
California imports each year large quantities of pig, merchant, and 
scrap irou. The importations of pig iron in 1883 were 24,980 tons, and 
in 188412,685 tons. Until the establishment of the Pacific Rolling Mills 
scrap iron bad but little value. It would not pay to collect and Rhip 
East, consequently a great deal of old iron and steel was thrown into 
out-of-the-way places, where it was suffered to pass into s,low decay by 
rust or be buried out of sight and knowledge by the gradual accumula-
tion of other rubbish. But of late years this has been changed, and 
large quantities of domestic scrap are now being received at the iron 
works on the Potrero. Those works have also received much old iron 
from fo~eign ports, originally from Valparaiso, but recently from Europe, 
in about 500-ton lots, brought by the ships for dead weight~ A large 
portion <;mmes from London, and a good deal from Antwerp and Ham-
burg. In London it costs about 50 shillings, the duty is about 27 shill-
-ings, and average rate of freight about 20 shillings per ton. The Val-
paraiso shipments, formerly so heavy, are comparatively small now. 
The European scrap iron can be had for less money, and· is of a better 
grade and more carefully selected. The scrap is all _sorted before be-
ing shipped, and is ready for use on arrival. There are only three iocal 
buyers of scrap iron in quantities-the Pacific Rolling Mills, the Jud-
son Manufacturing Company, and the Pacific Iro_n and Nail Works. 
They consume among them probably over 12,000 tons of scrap iron a 
year. 
There are several large iron-_manufacturing establishments in the vi-
cinity of San Francisco, in,cluding foundries, rolling mills, nail works, 
etc., and these use most of the iron produced on the whole coast, besides 
large quantities imported from the Eastern States and from Europe. 
The following table, compiled by Mr. J. W. Harrison, shows the im-
portation, consumption, and price of pig· iron at San Francisco, the 
price being that of the Glengarnock brand, the grade mainly used: 
Consumption, impo1·ts, and price of pig iron at San Francisco. 
Years. 
Consumption. I Imports. 
White. J Soft. White. Soft. 
Price. 
--------'---------------·--+----1------
Ton1t. nm,. Tons. Ton1t. Per ton. 
im:: ::::):::: ::::::::::: ::::::: i)):::: ): :: : ~ m il: ill t ~1 ;mi 1 r ·11 ri 
1884 .. . • • . • . • • . . . . . . . . . . . . • . • . . . . . . . . . . . . . • • . • . • • • • • . 1, 596 10, 263 465 12, 220 22 00 26 00 
-----------------Average for the past five yea.rs . ... . .......... 1,279 14,879 989 j 14,903 28 15 
Oregon.-The Oswego charcoal furnace at Portland, Oregon, has re-
cco,tly been out of blast on account of the low price of iron. Its out-
put in 1884 was mainly consumed in Oregon. 
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Washington.-The Port Townsend iron works, Washington Territory, 
made no iron in 1883, and the furnaces were not in blast until De~em her 
6, 1884. In that month they made 500 tons of pig; they have now a 
capacity of 30 tons of pig iron per day, and it is expected to keep the 
works running steadily. Part of the product is sold there and part 
in San Francisco. The establishment of extensive iron works at Ta-
coma, Washington Territory, is proposed by a syndicate of English 
capitalists. The amount of money subscribed for carrying out the en-
terprise is said to be from £fi00,000 to £600,000. An expert from Eng-
land bas visited the iron deposits in the Skagit country and reports the 
ore as very fine. 
Utah.-Iron ore in large quantities is found in several places in Utah. 
A company called the Norway Iron Mining and Manufacturing Com-
pany has been organized in the Territory to work certain iron mines in 
Mill Creek district, Morgan county. Three of the mines have been 
partia1ly developed, and some 2,000 tons of iron ore are now on the 
dumps. From analyses made of the ore by Mr. John McVicker, of 
Salt Lake City, it is found to contain from 56.12 to 65.08 per cent. me-
tallic iron. The owners think they can make pig iron for $15 per ton. 
A sample of the brown ore from these mines was analyzed by Mr. F. 
M. Bishop, with the following result: 
Percent. 
:Metallic iron ......... --~ ........... _ . . . . . . . . . . 56 
Silica. ................................. __ . . . . . . 3 
Carbonate of lime ........•......• _ ...... _.. . . . 4. 5 
Alumina.···· ····· ·· · ······-·········· ·· ·····.. 4.3 
Sulphur ... .. ..................... : .....•...•.. Trace. 
The most important iron deposits occur in Iron county. The iron 
belt here is over 3 miles wide and commences several miles north of 
Iron Springs, running in a southwesterly direction to Iron City, a dis-
tance of over 16 mile . One of the most prominent points in this belt 
i ~ Iron mountain, 1,500 feet above the surrounding_ 1>lain. The central 
part of this belt, Desert mound, is G miles long and 3 miles wide. The 
country rock is granite, "porphyry," and limestone. This limestone is 
u ed as flux. The ore is hematite and magnetite, and it is claimed that 
it i a fine Bessemer ore. The quantity of ore in sight is ,ery great. 
The following analyse are reported: 
~No.1. No2. No.3. 
Per~~~- Per6~J Per cent. 60. 90 ? . l2 None. None. 
S~p ur .................. l .13 I .12 
.08 I Silica ...•.....•........... 
1 
5. 20 4. 80 5.60 
In Iron Sprino- · di trict are the Eclip e, Great We tern, Lindsay, 
and orthern Cro iron mines, which ate more or le s developed. The 
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tindsay :No. 1 ail<l Lindsay No. 2 have both yielded iron ore for lead 
flux. In Pinto district, Iron county, are several iron mines. There 
are large beds of coal from 4 to 18 feet in thickness, within 25 miles of 
the Iron county deposits of iron ore. 
Iron ore is found in Tin tic district, Juab county. It acco:qipanies 
numerous deposits of silver-lead ores, being valuable on account of its 
percentage in gold and silver, and is used as flux. At present th~ lead 
smelters derive their · greatest supply of flux from Tin tic. In this dis-
trict the iron ores occur in a belt 2 miles long and over 1,000 feet 
wide, beariHg northeast and southwest. These ores are principal1y 
found in Tintic as bedded deposits in limestone ; they are not suited 
for any other purpose than flux on account of their impurities. The 
principal deposits are on the mountain side at and near Dragon Hollow, 
which leads from Silver City across the summit of the Oquirrh range. 
The ore breasts here are from 40 to 50 feet high. From 150 to 200 tons 
of flux is daily extracted from the Tintic mines. From Billings's brown 
hematite iron mine, in this district, several thousand tons of ore have 
been used as flux in lead smelting; the market value at the smelter is 
$7.50 per ton. The Dragon iron mine, also in Tintic district, has yielded 
about 50,000 tons of ore for flux in lead smelting in the Jordan valley. 
The composition of Dragon ore is as follows : 
• 
rm!~~-~~~::::::::::::::::::::::::::::·:::::: 
Sulphur .••..•.•••••.••......••. . .. . .••••. • ... . 







Iron ores are mined in many other localities in the Territory, being 
used in :fluxing siliceous silver-lead ores. .At Smithfield, Cache county, 
beds of micaceous hematite 60 feet thick are said to occur. 
On account of the high freight rates from the East, and the conse-
quent high price of iron, and "in view of the important coal deposits of 
the Territory, it is thought that under proper management the manu-
facture of iron in Utah could be successfully. undertaken. 
Arizona.-It is stated that iron ore occurs in many parts of .Arizona, 
and some very fine beds of hematite are reported in Gila county. But 
as yet none of the beds are worked. 
Idaho.-Iron ore is utilized to a limited extent as a flux in lead 
smelting. 
Meteoric iron.-Several masses of meteoric iron have been found in 
the Pacific division, the largest in Arizona, aud of less size in California. 
While these have no economic value, their occurrence is of interest. 
One meteorite was picked np in California many years ago near the 
town of Shingle Springs, El Dorado county, the weight of which was 
about 85 pounds avoirdupois. In 1880 another, weighing 1,870 ounces 
2 ?4 R-19 
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troy, was found in the Ivanpah mining district, San Bernardino county, 
the surface of this mass being deeply indented with concave depres-
sions. An analysis of this meteorite, made by Mr. Gustav Gehring, 
showed it to con_tain : 
Iron ................ .... ...........•... ....... 
Nickel ........ ...... . .......... . . , ............ . 
Cobalt ...................... .. ... . ........ .. . . 
I ![lJl11;o·ii~··:·:·:·:·:·:·:·:·:·:·.:.:.:.:_:_:.:.:: ::::: ::: : : : : : : : 
Carbon,in combination ....•.................. 
Graphite .................................... . 











There is now in the State mining bureau of California a meteorite 
weighing 410 ounces troy, which was obtained a few years since from 
the natives on Portage bay, Cbilcoot inlet, Alaska. General Carleton, 
in 1861, at Tucson, Arizona, bad his attention called to a large meteorite 
which was there being used as a blacksmith's anvil. This mass, which 
weighed 632 pounds, was s(µ.lt by General Carleton ,to· San Francisco, 
and it is now in the hall of the Pioneer Society. It contains, according 
to an analysis made by Mr. C. G. Brash: 
Iron ................... ....... ......... .. ..... . 
Nickel ...•...... ......... ..................... 
Cobalt .......... . ............................ . 
i&J;;~~~~::::::::::::::::::::::: : : : : : : : : : : :: 
Protoxide of iron ............................ . 
Lime .............. .... ....................... . 
Ma.~nesin .•......... .... .................. ..• 













AMERICAN :BLA T-FURNACE PROGRESS. 
BY ,JORN BIRKINBINE, 
• 
in all branches of iron metallurgy bas been more 
la t ten year than p rh~p ever before, and a retrospect 
b w, wonderful •bang which have followed each other 
o rapidly that it i diffi ·ult to ven um arjze them. A history of 
wha ha b n a mpli b din iron and teel ·manufacture since 18i4 
w uld h -v to b print d alrno ta oon a it wa written to be up to 
<l arly every detail of installation or appliance • 
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When, however, we look back to the earlier days of iron manufacture 
in the United States we are still more impressed with the strides which 
have been taken. This progress has not been restricted to any one 
branch, but in some specialties the advance has been more pronounced 
than iO: others, and a comparison of the earlier practices and results in 
any one industry with the processes and output of the pre8ent time 
will be most instructive. 
In this connection a brief resume of the manufacture of pig_ iron will 
perhaps be as good an illustration as is required, not because it is more 
marked than some other branches of mctailurgy, but on account of the 
wide distribution and variety of arrangements of blast furnaces, these 
establishments now existing in twenty-six States and two Territories. 
The old charcoal furnaces.-Fifty years ago a typical blast furnace , 
could have been described as a stone stack 30 feet square at the base, 
20 feet square at the top~ and 30 feet or less in height, pierced by one 
working or forepart arch in the front and one or two tuyere arches on 
the s,ides; but one tuyere, however, was ordinarily used. The fore-
part arch was fitted with a tympstone, and a forehearth extended out 
to a damstone. Blast was delivered cold through clay tuyeres, and be-
'jween the blast nozzle and tuyere proper there was an annular space, 
throngh which fully as much air was at times drawn by injection as was 
delivered through the nozzle under the low pressure of one-half pound 
~o 1 pound per square inch. 
A high breast or overshot water wheel operating wooden blowing 
tubs furnished the blast, which was carried through wooden or tin 
pipes to the tuyeres, and the wheezing of these tubs could be heard at 
~onsiderable distances from the blast furnace. 
The casting · house, top house, blast house, stock houses, and store 
vere often frame buildings, but the extensive stables, the smith shop, · 
the ~, mam,ion," and the office were generally of more substantial con-
struction. 
The tuyere and forepart arches were covered with heavy iron "sows," 
cast at some neighboring plant; and similar castings in segments of a 
circle formed the "ring plate" placed in the offset of the masonry qu 
which the" in walls," built of shale or slate, were raised. The bottom, 
the crucible (or hearth), and the boshes, were built of sandstone, nicely 
jointed, the masonry being carried out against the buttresses or corners 
of the stack, which were in many instances braced by heavy timbers ·and 
iron rods, to preserve the masonry from injury by expansion. 
The thickness of the hearth walls was seldom less than 3 feet, and the 
crucible inclosed by these walls was ordinarily from 5 to 7 feet in height 
and square in section, the bottom being from 24 to 27 inches square. 
From this poiut the boshes were battered. out so as to slope about 40° 
from the vertical, or 10 inches horizontal to 12 inches vertical, and the 
section worked from a square into a circle, until the greatest diameter 
at top of bosh (generally 8 to 9 feet) was reached; from there the ju, · 
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walls were drawn in until the top or throat of the furna<;e measured from 
2½ to 3 feet in diameter, and over tllis an iron plate with a bole 20 to 24 
inches in diameter was placed. 
The location selected for the blast furnace was generally on the bank 
of a stream which furnished the. water power, and close to ground suf-
. ficiently elevated to permit of constructing a bridge house from the top 
of the furnace stack to the general level, on which were·placed the coal 
houses, ore supply, etc. 
When ready to start, the furnace was filled with charcoal, lighted on 
top, and when "the fire reached the tuyeres blast was applied, more char-
coal was charged, and the burden of ore and limestone, finely broken, 
was slowly increased; this generally resulted. in a production of from 
20 to 30 tons of cold-blast iron per week after the furnace was fairly in 
operation. The fuel used was exclusively charcoal, which was charged 
into the tunnel head by baskets; the ore and flux were fed by boxes; 
the number of boxes of ore and the number of baskets of charcoal formed 
the relation of the "charge." The weekly output above mentioned was 
about the average; at the commencement of a "blast" the product was 
small, but as the campaign progr~ssed it became augmented owing to 
the enlargement of the crucible and steepening of the bosh due to the 
stones being cut back by the intense heat at the zone of fusion. The 
walls were too thick to admit of conducting the beat away with sufficient 
rapidity to maintain the original slope given the furnace. 
The small opening in the tunnel-head plate insure!l thorough distri-
bution of the stock in the limited area of the throat of the furnace, thus 
aicling to secure regularity of operation. From this opening flame was 
constantly emitted, varying with each stroke of the blowing machinery. 
At many iron works pots, kettles, and stove castings were made directly 
from the furnace by ladling the molten iron out of the large forehearth. 
The product of tbe furnace was carried in wagons often to distant loca1i-
tie , the ca tings being disposed of in cities and towns; or the pig iron 
worked into blooms or anchovies at forges. Often a forge was operated 
ju connection witll tbe furnace. 
Each furnace maintained a general store, and most of the pay due the 
woodchopper , charcoal burners, ore miners, teamsters, furn;wernen, 
ct ., wa expected to be expended at the store. In fact it has been 
claim l that ome old manager, would reduce the balance due a work-
man at th nd of tb year if it waR believed that he had " aved too 
much, or rather '' trad d too littk.' Tlie que tion of "company 
·tor s ' has cau d n,· icl rable <li ·cu ·sion at variou time , and in 
om tat . 1 (l'i.-1 tion now n miually forbids them, or places re tric-
ti n upon th ir manag ment. 
A .· m .·t, of th bla:t nrnac ,' w )r locat d iu a ection of the country 
wh 1 wint r int rf ,r • l with ut-of-tlo r worl·, and a their con. true-
ti 11 w· , nch that the int rior wa rapidly de ·troyetl, the practice of 
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making one "blast" every year was followed. Wood would be cut dur-
fog the winter, and as soon as the weather permitted of doing so, 
hearths would be leveled among the cut timber, wood would be haule<l 
to these hearths, and there piled into meilers covered with leaves and 
earth and fired. After about two weeks of carbonization the charcoal 
would be drawn, and hauled by wagons to tbe furnace. Wheu a sufficie11t 
quantity of charcoal bad accumulated to insure a regular supply, the 
furnace was blown in, and except for some accident, low stage of water, 
or other disturbing cause, it would be continued in blast until all the 
charcoal which had been made in the coaling season was consumed. This 
generally permitted the furnace to be active eight or nine months iu 
each year. 
The '' blowing in"· was an important event at the furnace, generally 
requiring several days, and was ordinarily an annual occurrence each 
spring; tbe date being fixed by the possibilities of securing a supply 
of fresh charcoal. When the furnace was " blown out" it would Le 
cleaued out, the old hearth (wµich had become considerably enlarged) 
would be removed and a new one put in place, when the same yearly 
routine would be continued. 
The ores used were chiefly brown hematites, which are easily smelted 
in the furnace, and they were mixed with a small percentage of lime 
and clay to flux impurities and make cinder. 1.'he cinder was allowed 
to flow continually over the damstone, and form into cakes upon stones 
laiu iu the floor . of the casting house. .When pig iron was cast the 
iron 11assed through one long runner to feed pig-iron molds at right 
angles to it, one side of the casting house being devoted to pig iron and 
the other side to cinder. 
While many features of plant or practice as described have been 
abandoned there are still instances where all of the above-mentioned 
appliances or methods -are in use, and individual plants can be cited 
for which this description would be practically a record of present at·-
rangement and management. Such instances are, however, becoming 
less frequent each year. 
The stone masonry of the older stacks was often quite massive, and 
in many ca~es they were constructed with such integrity that they have 
sustained successive enlargements of bosh and· increase in height. 
Some stone blast-furnace stacks are still active, which are more than a 
century old. (The Cornwall charcoal furnace in Lebanon county, Penn-
sylvania, has been an active iron-producing establishment since 1743, 
and ranks as the oldest plant in operation in the United States.) The 
openings provided for a. worki~g or forepart arch and for tuyere arches 
we1'e liberal in width, but generally restricted in height, and did not 
permit of elevating the tuyeres to points now considered advanta-
geous. 
The tin blijs.t pipes and light fixtures stood all the wo:r:k; deman,d,ed ot' 
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them, for even where the water power was adequate and the machinery 
t,troug enougb an old-time founder would not blow bard for fear of de-
Htroying the fuel, or, as he expressed it, of "blowing the charcoal to 
J>iece .'' . 
While the construction of the blowing apparatus appeared cumbrous 
and crude it gave evidence of careful thought and good workmanship. ' . The wooden blowing tubs were cylindrical or rectangular in form, from 
5 to 7 feet in diameter, or square, and from 2 to 5 feet stroke. They 
were formed of segments or strips cut from 1-inch boards, generally 
pine, glued and doweled together and then turned or planed to smooth 
surfaces. There are examples of both cylindrical and rectangular 
wooden tubs still in use. These tubs, when lined with apple or other 
hard wood, were very durable. Hard-wood segments were also placed 
withjn tubs made from pine staves secured with bands. Large wooden 
pistons with leather edging were fitted in the tubs and connected with 
square woodeu piston rods workiug in square stuffing boxes. The blow-
ing tubs, when single acting, had the outlet valves in the piston, and, 
whetl double acti11g, these valves were in the ends of the tubs. S9me 
of these engines were known as "pacers," owing to the motion of the 
two counter-weighted beams, which were connected with the two blow-
ing pistons, but the ordinary appellation for all blowing apparatus was 
"the blast," whatever its design. A popular arrangement of "the 
bla t" consisted of two vertical, single-acting, wooden blowing tubs 
placed over opposite ends of a vibra~ing beam which received motion 
from a crank on tp.e water-wheel shaft. The air was admitted through 
valves in the piston during the clown stroke and discharged into a third 
tnb placed over the two just described; this third tub had valves in 
the bottom communicating with the two operating cylinders, and a large 
:floating piston forming the top was weighted with iron to secure the 
pre ure desired; it ro e and fell with each &troke of the operating 
cylinder . 
These mechanisms had the advantage~ of being positive in action, 
durable, and efficient for moderate pressure of blast, and as long as 
the water power was ample they served the purpose for which they 
were de igned. But the clemands of the plant rapidly reduced the for-
, t area and decrea ed the average :flow of streams, in many cases re-
' tricting the output of the iron works by a deficiency of power. 
The location of the older furnaces, however, generally indicated a, 
kuowl cl.ge and for . i o-ht which have fail d to characterize some later 
n truction , and the question of ore or fuel upply, water power, and 
tran portation receiv d car ful con ideration. The enterprise and pluck 
wbi h in tigat d the location of iron work, in the mid t of dense for-
' ·t.' far from otll r ttl mt>nt , and where all material and supplie 
hacl to e tr n port d 1 ng distance over road, made for the purpose, 
w re in th t day a uotabl a m,e more ·prominent ventur of the 
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present time. Th~ engineering abiltty displaye~ ip. the choice of loca· 
tion, the impr:ovement of water power, the construction of the plant, 
and the laying out of roads, commands our respect when we remember 
the meager faciiities .as compared with the machines, tools, and instru-
ments, or the literature accessible at the present time. 
The selectiop of the best ore deposits was not a mere stroke of fortune, 
but when the state of chemical knowledge and ~he paucity of mining 
appliances pf fifty years ago are recalled, we may well be surprised to 
note the wisdom which guided the old ironmaster to pick out from an 
unbroken forest the ores whose quality was the best, and 'Yhich, in some 
cases, have been worked to the present, with ample indications for a 
future supply. 
Use of mineral fuel.-As the country was developed the demand for 
iron necessitated more furnaces or larger outputs from existing plants, 
anq. l;)iS the capacity of a charcoal plant was dependent upon the timber 
av&ilable, the reduction of fuel per ton of iron claimed attentiou. This 
was attained in part by more careful selection and preparing of ores, 
by heating the blast, an<l by improved methods of carbonizing *ood. 
Abput the time that the hot blast was coming into favor the employ. 
rnent of mineral fuel was being investigated, and soon anthracite coal 
and bituminous coal were competing with charcoal as a blast furnace 
fuel. The :first experiments with mineral fuel were conducted in fur. 
naces arranged to use charcoal, and the results demonstrated that to 
obtain satisfactory operatiou changes in the plant were necessa1;y. An· 
thracite fuel, or coke, can be, and have been, used in furnaces arranged" 
for charcoal, and several instances of this are on record. In 1879 the 
problem was satisfactorily tested at Pine Grove furnace, Cumberland 
county, Pennsylvania, where, without going out of blas~, the furnace 
was run first on charcoal, then on coke, then on mixed coke and anthra. 
cite coal in varying proportions, then on all anthracite coal, then on coke, 
and back again ou charcoal. As a matter of interest a resume of this 
experiment is presented. 
The Pine Grove furnace has been in nearly constant operation since 
1770, and is an old stone stack, raised to meet the more modern practice, 
and equipped with steam blowing machinery of ample power. At the 
time of- the experiment (February to August, 1879) the dimensions ·of 
the furnace were: 
Ft. In. 
Diameter at bosh .... . .. . .. . . .... . ........... .. ... . ..• .. ...... . .. ~·......... . ................. . 9 4 
"\Vo1k1ng h eight . . .. .. . . . ... . ................ . ...• . ..•........•... .. ....................... 36 6 
Dia,uetel'ofcrucible .... . . ... ....... . .. . . . .. . ..................••. . . ... .. · ......••••..•......... 4 2 
The furnace was closed by bell and hopper, and was blown with 3 
tuyeres. During the experiment the blast was heated to an average 
temperature of 600° Fahr. 
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Summary of results of smel.ting brown hematite iron ore with charcoal, coke, mixe~futl, and 
anthracite coal at the Pi1ttJ Grove furnace, Cumberland county, Pennsylvania. (a) 
Fuel used. 
Items from record of working. 
--------- -----1------_______ ,_ __ _, ___ -
Pounds of fuel consumed per ton of pig 
iron . ·---- _____ -- --·-- .. __ - -- . - - . ---- -. 2,531 






pound of. fuel . __ .. __ .. _ - . - --- -.. --- --
Tons of iron made per week, average. -. 
P ercenta~e of iron yielded in furnace . -. 
Pcrcenta~e of lime to ore burden . ·----· 
.A.vera•Ye cubic feet of blast per minute 
Average cubic foot of air per ton of 
iron·--··----··-----·-----·-·-- · . 197,084 
.A. verage cubic feet of air per ponnd of 
fuel. ... - -. . . . - -- -.. - - . ------ 77.8 
.A. verage pressure of blast in pounds. - - . 
Tuycro area iu square inch~s .. -- - -- .. - . 
Least time 1hat stock was m furnace, 
hours . - . - . -- .. - - -. - - .. - - .. - - . . --- --
Grade of il'on . __ . __ .. _ - . - - . . - -. -- - .. -.. 







































































Tl~e toni;; are 2,260 pounds each for pig iron, 2,240 pounds for every-
thing else. 
Since "G11e above record the furnace has done mnch better work than 
here given, but the table is presented to indicate approximately the ac-
tion of differeut fuel under similar conditions, and not as a remarkable 
furnace performance. 
The statement shows that the furnace averaged a larger output on 
lower fuel con umption per ton of iron, and with less air per pound of 
fuel when fed with charcoal than when using other fuels, and that a 
mixture of coke improved the operation of the plant when anthracite 
coal was u ed. It should be noted tllat these experiments were limited 
hy the fuel available <l nriug labor (lj turbances. 
Improvement in blast fwrnaces.-Tbe successful employment of mineral 
fuel in bla._t furnaces is m ntioned by various authorities at different 
dates, but it may be con id red as having been satisfactorily .accom-
pli hed commercially in 1840. The result of the change of fuel neces i-
tated many alteration, in bla. t-furnace plant to secure the best re-
sult , not only in an increa. e of power for blowing machinery, but 
in ize of furnace, the diameter of tlrn boshe , the dimen ion· of tuyeres 
u ed, and many detail of cou trnctiou which were modified from year 
to year. Th acce ibility of large quantitie · of coal permitted of in-
crea ing the ize of furnace' b yond what wa deemed advisable for 
tho e u ing charcoal. 
a "Exp rim nt with cba-r ·oal, <'Ok , and anthracite at Pine Grove furnace, Penn-
s lvania,' by Jobu Birkin hiue · Transa ·tiou. 1uericau In titute of Mining Engineers, 
Vol. VIII., pa•· l to 177. 
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Enlargement of blast furnaces.-The sizes of the furnaces were in-
creased both in diameter of bosh and in height, and the augmented 
height, together with the necessity ·of placing the plant convenient to 
transportation facilities, caused the abandonment of'' bank furnaces," 
and the erection of artificial means for raising the stock to the tunnel 
head. The use of bot blast of course became essential, and the growth 
of this important feature of a blast-furnace plant was quite marked, and 
many changes were made. The enlargement was not rapid up to the 
year 187:3, when blast furnaces 17 feet in diameter at the bosh ~nd 60 
feet high were considered large, and a, product of over 60 tons of pig 
iron a day was phenomenal at that date. At present American blast 
furnaces have been constructed 21 feet in diameter at bosh and 86 feet 
high, and have produced over 300 tons of pig iron per day. This size 
~ is not as great as that of some foreign furnaces, but appears at present 
to be· considered the economic limit. The increased output is not dne 
alone to the dimensions of tlie furnace, bur, is owing to a combination 
of causes, among which may be mentioned steep boshes, large crucibles, 
increased volume, pres~ure, and temperature of blas.t, the.careful selec-
tion and thorough preparation of the stock, and the study of the chem-
ical reactions in the blast furnace. The technical problems of blast-
furnace management have become generally appreciated only within 
the past decade. Ten years ago the employment of a furnace chemist 
was unusual, but at present laboratories are considered an indispensa-
ble feature of modern plauts. 
Blowing apparatus.-The experiments made at charcoal furnaces dem-
onstrated that mineral fuel requirl·d more powerful blowing machin-
ery than tba.t given by water wheels and wooden blast tubs, and ex-
cept where there were unusual water facilities steam power was soon 
employed. The mechanism substituted generally consisted of one or 
more horizontal cylinders connected by gearing with a horizontal steam 
engine; in some cases a steam engine was substituted for the water 
wheel and the old wooden blowing tubs were operated by it. Gene-
rally, however, iron blowing tubs were placed in connection with steam 
engines. 
The !lorizontal cylinders soon gave way to others placed vertically 
and connected directl)7 with the steam cylinders. These have been ar-
ranged in various ways. A steam cylinder has been placed betweei 1 
two vertical air cylinders, or a single air cylinder has been placed below 
toe steam cylinder; but the prominent type of blowing engine now iu 
use is an air cylinder supported on housings or columns above the 
steam cylinder, with a cross head between the two, and fly wheelR out-
side of ste~m cylinder, connected by rods with the extremities of the 
cross head. In isolated cases beam condensing engines have been used 
and large expenditures have been made for them. With but few ex-
ceptions, the blowing engines now iu use are non-condensing. In late 
1e~rs tµe 4irectio~ of improvements has pe~p ~ow~rqs incre::i,sing th 
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Elpeed and thus getting large capacity from small engines. This has 
mainly been accomplished by the arrangement of air-cylinder valve&, 
A combination of one or two horiz~ntal steam cylinders operating by 
crank shafts two vertical air cylinders is also in use. 
Much time and inv~stigation have been devoted to the manufacture 
of blowing engines, and they are among the more prominent types of 
American machinery. Some of the engines constructed for blast fur-
naces are very massive, and blowing cylinders 9 feet in diameter and~ 
feet stroke are connected with some plants; l>ut the prevailing sizes are 
4 to 7 feet in diameter and 3 to 7 feet. stroke. The increased speed of 
operation is at present having the tendency to reduce the length of 
stroke, a·nd 4 feet represents that now' generally preferred for the larger 
furnaces. 
T-uyeres.-The intensity of blast necessitated the abandonment of open 
·tuyeres, and iron forms were used. These were also s9 rapidly de-
stroyed that water cooling became necessary, and this was accomplished 
by making the tuyeres of an inner and an outer shell, the water circ11-
latiug in the .annular space; or coils of pipe were used, either bare or 
incased with iron which was cast about them. Later modifications of 
these have sprays injected into the annular space, or the shells are 
formed of bronze, or the coils are wound abput grooved casti.ngs, or 
about wrought-iron fo~ms. They are also set in "water-breast" cast-
ingR, which fit around the tuyeres and through which water circqlates. 
Refractory linings.-Tbe intensified combustion caused by the higher 
temperature and augmented pressure of the blast rapidly destroyed the 
refractory linings, and the hearth and boshes of sandstone gave way to 
those made of less thickness with :firebrick. The shafts or in· walls of 
the furnace were also lined with the same material. Owing to the 
thickness of the walls near the tuyeres the intense heat was not con-
ducted away with u:fficient rapidity, and it became necessary to cool 
the ma s of firebrick artificially. Por this purpose jackets or blocks of 
ca t iron, in which coil of pipe were ca.~t, wrought-iron jackets, sprays 
of water, and a series of wrought-iron buckets surrounding the cruci-
ble, have been u ed, and the thickness of the walh, is greatly -reduced. 
The merit of variou bape of firebrick or the compo~ition of the 
clay from which to form them, or make joints in layiug them, have been 
lib rally rli ·cus ed; and some furnace managers hold as tenaciou ,Jy to 
certain clay or pecial brick a the older ironmasters did to pudding 
ston from particular quarries which were e teemed especially valuable 
for bla. t-furnace bottoms. The que· tion of refractory material iR by no 
mean unimportant, and it ha b en demon trated that often different 
brick are nece ary to withstand the inten 'e heat of the crucible, the 
attrition of stock on th inwall and bo ,-,he , or the dis olving action of 
g near the tunnel head. It i e ential to have good material to 
lay good brick with, for otherwi e the integrity of the ma onry i jeop-
ar~d. The tendency towards tbe uee of larger blocks and a variety 
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of special forms seems to have reached its maximum, and 01:din~ry §i~P-s 
and shapes of firebricks are now generally preferred . . 
Blastfurnace stacks and .fixtures,-:-Th~ charact~r of the blast furuac<> 
structure itself has also changed, and the old stone stacJ{.s, wllen usP<l, 
were .either topped out with a circular shaft qf bri~k masonry bouucl 
with iron, or by casings of wrought-iron inclosing the inwalls. Brick 
piers supporting a brick shaft banded with iron are also q.sed, hut th_~ 
prevailing type of a modern blast furnace is a shell of wrought iron car-
, ried on a circular mantle supported by a series of columns or bracket~. 
The construction of the blast furnaces away from banks ne~es:;;ita,ped 
either ·expensive arches sustaining the hot-blast stove ~nd poilers at the 
level of the tunnel head, or the erection of chiqm~ys sufficiently high tq 
make a draft superior to that of th~ furnace itself, thereby _dra,wing 
away in suitable flues the gases from the top of th~ furua.ce ;i,nµ bring-
ing theµi to tqe gr~rn:nd level. This caused, the improvement of clo~ipg 
the top of the furnace by means of plates. or doors; following which 
charging bells were introduced. · These consist of a conical bell of ca~t 
or }Vrought iron closing against a hopper of tpe same material. Amoug 
the modifications in form were a double bell or .an aµnuh.J,r rh1g fitting 
against a fixed bell and the hopper. Method~ of' sealing _the tpp, to pr.~-
vent the gases escaping when the bell is lowered, have also been applied. 
Tµe modification~ of the charging bell have been rnainly in the direc- · 
tion of securing a more uniform distribution of th~ _stock at the ihroat 
of the furnace, and the proportion which the size of tile bell be::-~r~ to 
the throat of the furnace, when taken in connectio11 with tpe cha.ract~r 
of the stock used, has a most important bearing upon the ~µccessful 
wo·rking of a plant. . 
The forehearth mentioned in connection with the older charcoal fu,-
1 - •. 
naces was gradually reduced in size; cast-iron dams, generally ;water 
cooled, were employed to protect the tappin){ hole; and the arrangement 
ordinarily introduced for tapping cinder at suitable intervals was an 
opening m~de in the brick masonry immediately over the_ dam, the sides 
of which were protected by iron cheeks supporting tp~ cast-iron :water-
cooled tymp, which took the place of the tympstone. Sorpe fu.rna~es 
llave been operated with apparent success with dry dan:;is anµ tymp, or 
with neither dam nor tymp, using simply openings in the bricJ{.}Vork. 
Other arrangements than a tymp have hee.n used, among which may be 
meµ.tioued water-cooled cinder blocks through which tJ:ie sl~g could be 
tapped, and slushing cinder bl.ocks, whose function is to vent large vQl-
u mes of slag through an opening of suitable area closed by~ door. 
The forebearth, though considerably curtailed in length, is still u~ed 
to a limited extent; but it seems to serve no purpose other t~an pro-
viding room for iron when the crucible is too small, or for permitting 
the furnace to be " worked" and allow the excess of fuel (which s}lould. 
never have entered the tunnel head) to be removed. The "working" i~ 
performed by t4e ai4 of o~rs ~llcl s4ov~l~ S~VWijl times daily, 
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Blast-heating appliances.-The original hot-blast stoves were a series 
of horizontal caRt-iron pipes heated from grates, but the introduction 
of furnace gases as fuei caused the substitution of combustion cham-
bers either in front of or below the pipe chambers. Many varieties of 
shapes, sizes, and arrangements of hot-blast pipe have been tried, and 
quite a number are employed in different sections of the country, eacll 
having its champions. The prominent forms of iron pipes used in hot-
blast stoves are known as U pipes; that is, two vertical pipes con-
nected at the top. The pistol pipes, which are castings resembling 
somewhat the shape of a pistol, have diaphragms running through the 
centers, so that the blast passes up one side of the diaphragm and down 
the other. St.raight pipes with diaphragms have also been u~ed, and the 
U pipe suspended from above has beeu introduced to a limited extent. 
'fhe merit of the excessive temperature, or what may be termed super-
heated blast, is in dispute ~ong competent authorities, but the ten-
dency in late years has been to heat the blast to a temperature above 
what is believed to be reliable with iron pipes. This has been secured 
by constructing hot-blast stoves of masses of firebrick, the gases and ,, 
blast alternately passing through them in opposite directions either by 
means of parallel flues or of openings in checker work. These stoves 
require that the valves controlling them should be protected by water 
cooling, and it is claimed that as high as 1,500° Fahr. bas been secured 
regularly by their use, a safe limit of iron pipe stoves l>eing considered 
to l>e 1,050° Fabr. To supply blast at a temperature of 1,500° or more 
demands that all tuyere fixtures and blast connections should be pro; 
tected ither by refractory liniugs or by water cooling. The introduc-
tion_ of regenerative stoves and the friction of the gases in passing 
tllrough long flues and checker work of brick masonry necessitated the 
con truction of tall cllimneys to create the required draft, and such 
cllimoe;y are now connected with blast-furnace plants using theHe 
tove . 
Boilers.-The type of boilers connected with American blast furnaces 
ha' g nerally been long cylindrical or double-return flue boilers, in 
om caf the length being 80 feet. Tubular boilers have ah;o been 
u, e<l, the objection to them being the difficulty of cleaning, and lately 
wat r-tul> boil r with cleaning appliance have been adopted at sev-
ral bl ·t furnace . 
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relieve the plant from overhead flues late practice has brought the gases 
down from the tunnel head by a large '' down comer'' or "down take," 
terminating under ground, where it connects with a series of masonry 
flues extending to tbe boilers and hot-blast stoves. These flues are 
either covered loose]y with plates of · iron and luted with clay or are 
provided at intervals with explosion doors. Masonry flues, however, 
must be large .enough for workmen to enter for cleaning out the dust, 
and they se-ldoin are tight, so that air obtains access, either causing ex-
plo~ions or igniting the gases, thus detracting from their efficiency under 
the boilers and in the hot-blast stoves. A blast furnace when working 
proper]y ordinarily makes sufficient gas for generating st,eam and heat-
irig the blast, and often has an excess escaping from a ''bleeder" or re-
lief valve placed on the '' downcomer." The gases are admitted to-
gether with air for supporting combustion, through burners, to the 
boilers and hot-blast stoves. 
Stock elevators.-Inclined planes for hoisting the stock for the furnace, 
although possessing the merit of removing the stock sheds away from 
risks of :fire, are not often employed. At the present, in their stead~ 
vertical hoists are used, the motive p_ower being steam, air, or water. 
The steam hoists in general use ·may be divided into those which, by 
means of gearing, transmit power from steam engines to winding drums, 
and those in which the piston, moving within a long vertical cylinder, 
turns by means of a ra~k and pinion a large wheel or drum over which 
the ropes sust~ining the cages pass. Pneumatic hoists are operated by 
means of compressed air acting upon a piston in a long cylinder gener-
ally the height of the furnace. The water-balanced hoist is practically 
the only method employed which may be classed as hydraulic. This 
consists of boxes beneath the plat.form of the hoisting cages, which are 
filled with water at the top of the furnace until the weight is sufficient 
to raise the loaded barrows on the opposite cage. Some of the mechan-
isms of the furnace hoists make them almost automatic, and ·there is 
quite a variety of special features from which to select. · Safety catches 
which engage in racks, or which force chisel blades into the wooden 
framing of the hoist in case of accident to the hoisting rope, are at-
tached to many cages, and supplementary ropes are used as additional 
safeguards. The structures or towers in which the hoisting carriages 
(of which there are generally two) are placed are either constructed of 
l>rick, wood, or iron; as these towers must extGnd sufficiently above 
the top of the furnace to allow room for the cages and operating drums, 
lhey are often quite imposing structures. Wooden hoist structures are 
a, constant mc=>nace to the furnace on account, of fire; iron towers are 
most symmetrical, but are exposed to the weather, and the brick build-
ings are generally dark. Iron towers seem to be the most popular at 
present, and in some of them the pillars are made to serve as water 
pipes; but brick towers are the most reliable. 
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Httndling and preparing stock.-The necessity for protecting stock 
from the weather would appear to be an undetermined question, for in 
some of the larger plants where the inclement weather of winter would 
be apt to give trouble no stock houses are used. ·The ordinary prac-
tice, however, and that most approved, is to use stock houses in which 
the ore, coal, a,nd flux are brought by railroad cars and dumped into 
bins. There are some instances where the charge is made up complete 
into a large car, raised by inclined planes to the tunnel bead, and there 
dum.eed; but the ordinary way is to fill the stock into charging bar-
rows, raising these by hoist to the top of the furnace, wherP- "top fill-
~rs" are supposed to empty them uniformly around the bell. An i~-
provement is to lift the material in the ordinary charging barrows or 
buggies, and dump it directly on the bell from the hoist, thus doing 
away with the necessity of '' top fillers." 
It is only lately that the practice of charging together large and small 
pieces of fuel or ore into the furnace has been abandoned, but the recog-
nized merit o·f the preparatfon of ore bas made rock crushers popula.r, 
and they are now common at blast furnaces. Where the ores are car-
bonates, or contain much sulphur, they are ordinarily roasted, either in 
alternate layers of ore and fuel, forming piles in the open air, or in 
special structures of iron or masonry; but thorough desulpburization has 
not be.en accomplished with solid fuel, and gaseous fuel is employed to 
secure the best results. The extent to which roasting or desulphurizing 
ores is carried is not, however, commensurate with its importance, an<l 
thi feature of practice is destined to grow in favor as its value is appre-
ciated. 
In studying the various details of blast-furnace construction and man-
agement the preYalence of particular designs or peculiar methods in 
certain di tricts is noticeable. In fact this system of copying from 
neighboring plants is so marked that in different sections of the 
country the prevailing features of plant and management have been 
quite di tinct. Tbe more intimate association of thmm interested in 
iron manufacture in technical and busiue s organizations has broadened 
the view of the active men in this industry and broken up the uui-
formity which characterized individual localities; and the employment 
of bla t-furnace engineers who e experience embraces more exteut of 
t rritory than au individual manager can cover has done much to secure 
th adoption of the be t features from all di tricts. Th re are, buwtlver, 
points of particular value to one locality which ar and will be con-
tinued, but the p culia,ritie heretofore prominent for certain iron-pro-
ducino- i trict are rapic.lly pa ing away. 
Operation.-Tbe pr nt practice of operating blast furnace varieti 
a u h from tllat of th pa ta the older and later method of cou-
tructi n dift' r. In t ad of filling a furna ·e with fuel and "blowing 
in ' by nur ing a ma of fire for v ral day (which had the effect of 
making the top of the tack the hotte t, and left the crucible, which 
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needs the most heat, the coolest, pai-t of the furnace), the pfant is put 
into operati01i promptly. This can best be illustrated by quoting from 
a late paper (in Volume V. c,f the Journal of the United States Associa-
tion of Charcoal Iron Workers) describing the start made at the Mont 
Alto furnace, Pennsylvania, a remodeled p~ant, which formerly followed 
tI:ie older practices as described: 
"Tlie :fire was lighted at 3.40 o'clock a, m., Tuesday, .August 14, 1883. 
Blast was put on at G.40, a. ni., August 14. First cinder was tapped 
at 9.40 a. m., August 14. First cast, of 5½ tons No. 2 p'ig iron, at 8 
o'clock p. m., August 14. Second cast, of 8½ tons No. 1 pig iron, at 
3.20 o'clock a. m., August 15, making a product of 14 tons of pigiron 
within twenty-four · hours after _lightirlg the :fire, and within twenty-
one hours after blast was put on. During the second twenty-four 
hours after lighting the fire the product was 30 tons No. 1 pig .iron, 
and this quantity was about the average daily product." 
The M;ont Alto furnace is operated with charcoal, and the case is 
cited as a comparison witb the former practfoe at furnaces using this 
fuel. While the record is exceptional, it indicates the course now most 
in favor, not only at charcoal furnaces but also a_t anthracite and bitu-
minous-coal furnaces. 
Instead of making one" blast" of eight or nine montlis each year, the 
desire of owners and managers is to maintain the plant in continuous 
actiop as long as possible; and records of three t'o seven years' cam-
paigns can be presented. However, the .American practic¢ does not 
equal in average or maximum duration of campaigns the record of 
English furnaces; but it is probable that in our newer constructions 
as much iron can be made on a ~injng in comparatively short "blasts" 
as our British friends obtain by more IQOderate driving for a term of 
years. The thin walls and water-cooled appliances, if properly arranged, 
will maintain the shape of the furnace and insure longer "blasts" than 
heretofore. · 
The employment of chemical analysis for fuel, :flu~, ore, cinder, and 
gases, and a study of the operation of the furnace practically and 
theoretically, permit of forcing the plant to an 'extent formerly im-
practicable or impossible, and guide the manager iu his direction. In-
stead of constantly changing the burden to correct irregularities· which 
appeared only after the metal was made, the disturbing causes are rec-
ognized by· gas or cinder analyses . before the furnace is tapped ; ahd 
determinations of the chemical comp_osition of ores and fluxes permit 
of mixtures which produce iron of. the desired character. The propor-
tions of-various parts of the furnace, the volume, pressure, and tempera-
ture of t~e blast, all combine under careful watchfulness to secure nn 
output far in excess of what was believed possible. 
Fuels.-In referring to the employment of mineral fuels mention was. 
made of the relative merits of various combustibles for blast furnaces, 
which may be defined generally as being dependent upon their .structUJi~ 
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nind chemical composition. They rank in the following order: Charcoal, 
coke, anthracite coal. Charcoal, being a pure fuel and very open in 
structure, rapidly oxidizes at a red heat at the tuyeres, and although the 
bulk is double that of coke a greater product is obtained from a char-
coal furnace of the same size than from one using coke. Similar results 
follow the employment of coke as compared with anthracite, and many 
anthracite furnaces have been enabled to largely augment their output, 
without increasing the power of their machinery, by mixing coke with 
anthracite coai. It is, however, claimed on good authority that if a 
blast furnace is able to withstand the severe action due to a high press-
ure of blast, and the blowing engines are capable of maintaining such 
pressure, results can be obtained with anthracite fuel which will ap-
proach, if not equal, those secured by the employment of coke. 
The pressure of blast commonly used at blast furnaces may be _con-
sidered as ranging from 1 to 4 pounds for charcoal, 3 to 8 pounds for 
coke, and 6 to 14 pounds for anthracite, per square incll. 
The direction for improvement in the use of anthracite coal apparently 
lies iu blast-furnace structures carefully desi.gned with special reference 
to the use of strong blast, and equipped with machinery, boilers, and 
hot-bla.st stoves, of ample power and capacity. 
The prop,ortion of furnaces using the various fuels, as given by the 
Directory to the Iron and Steel Works of tlle United States, by the sec-
retary of the American Iron and Steel Association, on September 1, 
1884, is as follows : 
Furnaces. No. 
Total number of charconl furnaces . ............... 232 
Total numher uf coke fu·rnaces . .. . . ........ ..•.. 221 
Total nuruber of anthracite furnaces . ............ . 221 
Grand total...... . . . . . . . . . . . . . . . . . . . . . . . . . . . 074 
In the above cla sification all furnaces using bituminous coal as fuel 
are included in the cateo-ory of coke furnaces, although some of them, 
a in outhern and ea tern Obio and in northwestern Pennsylvania, 
u e bituminon coal raw, itb r eutirely or mixed with coke in varying 
quantitie . Similarly th anthracite furnace include all which base 
their charge on this fuel, altl.10ugh they may operate with anthracite and 
coke mix d. 
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For a number of years charcoal has been made in closed iron vessels 
or retorts, set over fireplaces ; lately these have been growing in favor, 
and improvements in design or arrangement have increased their yield, 
so that 60 to 66 bushelR of charcoal have been obtained from a cord of 
wood. .A chemical plant is generally connected with retorts, and the 
vapors of carbonization are collected, condensed, and made into methyl-
ic alcohol and commercial acetates. Similar utilization of smoke has 
been made by exhausting the vapors from kilus and carrying them to 
appropriate condensers, stills, etc. 
Raw bituminous coal has been and is used in some districts, but it is 
much inferior as a furnace fuel to coke, and there is also a great differ-
ence in the merit of coke from different localities for this especial pur-
pose. It is not every coking coal which makes a good blast-furnace 
fuel. Coke is produced either in open heaps or ricks, in Belgia,n ovens, 
rectangular in section, or in beehive ovens. The latter seem generally 
to be preferred. In Europe the gaseous products from coke ovens are 
in . some cases collected, and ammonia, tar, etc., obtained from them; 
but this has not yet been attempted in the United States, although it is 
probable that it will be done in the near future. 
The best results obtained with anthracite fuel have been where com-
paratively small sizes of coal are used. The practice of charging very 
large lumps having been generally abandoned, coal of the size commer-
cially known as H steam boat" has been substituted. It is probable that 
a still greater reduction in size would be advantageous were it not that 
the smaller coal commands a higher price. 
Good furnace practice demands close attention to the character and 
condition of the stock charged into the furnace as well as to the man-
ner of charging it ; hence the use of crushers to reduce ore and lime-
stone to more uniform sizes has become very popular. 
Roasting of ores is pursued where they contain considerable amounts 
of sulphur, carbonic acid, or water, and the calciuation of limestone 
previous to charging has also been tried. The roasting of iron ores is 
done in open heaps of greater or less size, in square or circular masonry 
structures, or in sheet-iron circular kilns provided with a bosh sup-
ported on columns or brackets, the fuel used being waste culm or slack 
or braize. To secure more thorough desulphurization gaseous fuel is 
necessarily used, the ore being charged into masonry chambers of com-
paratively small area, heated with gas, and the ore exposed to the oxy-
gen of air while very hot. 
Number and capacity of blastfurna.ces.-Although the number of plants 
using bituminous or anthracite fuel are the same (221 of each), and the 
number of charcoal furnaces only exceeds that of the plants using either 
of the mineral fuels by 11, the iron industry should not be considered 
as divided practically into three approximately equal parts, for the bi-
tuminous furnaces average larger dimensions than those using anthra-
cite, and the anthracite plants are of greater size than those which 
2:MR--20 
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depend on charcoal. Comparing the number of blast furnaces in the 
directories of July, 1882, and September, 1884, with the nominal maxi-
mum capacity, the following e.tatement is presented to show bow rap-
idly advances are being made: 
Comparieon between the number and nominal capacity of blae_t furnacee in July, 1882, and 
the nwrnber and nominal capacity of blaet furnacee in September, 1884. 
Furnaces. 
N nm ber of charcoal furnaces •..........•.•..............•...... _. • . . . . . . . . . . . 250 232 
Number of anthracite furnaces ........•.......•...... ......•• -••....... -• • . • . 224 ~ri 
Number of bituminous-coal furnaces.......................................... 211 
1----1·----
Total number of blast furnaces •••••..•••••.••....•...•....••••..•...... . 
1 
___ 68_5-1--==67=4 
Nominal capac~ty of charco~ furnaces .....••.••.•..•...••...•... short tons.. 1,125,000 1, 275,000 
Nominal capacity of antln·ac1te furnaces ......•.. ..••••.••••..•.••... .. do... . 2,750,000 3, 175,000 
Nominal capacity of bituminous-coal furnaces .•......•..••..•.•••..... do.... 4,125,000 4,850,000 ------
Total nominal capacity of blast furnaces ................•••..••.. do.... 8,000,000 9,300,000 
Average nominal capacity per charcoal furnace .................. short tons .. 
Average nominal capacity per anthracite furnace .......... ........ ... do ... . 
Average nominal capacity per bituminous-coal furnace ............... . do .. . . 









While this table shows the relative importance of each branch of the 
pig-iron industry, and indicates the improvement in blast-furnace prac-
tice in the two years, it is not claimed that the :figures of nominal capac-
ities represent the actual product; for the output of the blast furnaces 
in the United States in 1883 was as given below, and the proportion 
which this production bears to the nominal capacity is shown by per-
centages. 
Proportion of actual production of pig iron in 1883 to the nominal capacity of the blast fwr-
nacee. 
Percent-
Furnaces. Pi~ iron age of produced. nominal 
Short tons. 
Charcoal furnaces . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 671, 726 
Anthracite furng.ces . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . 1, 885, 596 
l3itnminous-coal furnaces .. ........ ........ ............... .. ........... .. ...... 2,689,650 






The year 1883 wa one of business depression, and the percentages 
are le than would be found at times of greater prosperity; but as the 
nominal capacity i ba ·ed upon all the bla t furnaces being run to their 
ntmo t (which can never be the case), correction must be made by a 
li ral r ducti n from the total of nominal capacity for idle or crippled 
work ·. On th other hand, the number of blast furnaces reported in 
th dir ct rie i al w, y in exce of tho e ready to operate, and it is 
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probable that the most equitable method of determining the present 
average capacities of the blast furnaces would be to divide the output 
of .L883 oy the number of furnaces of each kind in blast. This method: 
is also subject to error, because in time of depression the smaller plants· 
are generally idle, and because the number of furnaces in blast is only 
correct on the specific date of the reports and not for the entire year. 
The :figures for 1883 are as follows: 
.Average output of furnaces in blast in 1883. 
Furnaces. 
Charcoal furnaces ................. . ................•............. 
.Anthracite furnaces .••.........•..........•...........••• ....••. . 
Bituminous-coal furnaces .......••.....•..............•••........ 










.Average Pig iron 
made in output per 
1883. furnacein 1883. 
Short tom. Short tons. 
571,726 6,806 
l, 885,596 15,980 
2,689,650 25,616 
5,146,972 16,765 
To indicate the progress made, these figures when compared with sim-
ilar data for 1873 show that in ten years the average output has been 
greatly augmented in each of the branches, most notably in the fur-
naces using bituminous fuel. 
The average output per fu1·naoe in 1873 and in 1883 compared. 
Number .Average .Augment of furnaces Pig iron average 
Furnaces. in blast made in output per output in 
December 1~73. furnace in 1883 over 
31, 1878. 1873. that of 1873. 
Short tons. Short tons. Short tons. 
Charcoal furnaces ................ . ..•....•.....•..•. 190 577,620 3,040 3,766 
Anthracite furnaces ..................... . ..•....•... 187 ], 312,754 9,582 6,398 
Bituminous.coal furnaces ............•.........•.•... 83 977,904 11,782 13,834 
Total ..... . .................................... 410 2,868,278 6,996 9,769 
A late discussion of blast.furnace capacity and production (Journal 
of the United States Association of Oharcoal Iron Workers, 1884, Vol. 
V., pp. 217-228) shows that at no time since 1873 have over 63.7 per 
cent. of all the blast furnaces in the country been reported as in blast; 
and the proportion of active furnaces has been as low as 30 per cent. 
of the whole. 
The largest percentage of active furnaces returned was 82.1, as shown 
by the record of anthracite furnaces in April, 1880; and the least pro-
portion of anthracite furnaces in blast was 31.1 per cent., in Septem· 
ber, 1876. 
The bituminous furnaces show less variation than those using anthra-
cite, the maximum percentage of the bituminous furnaces being 70.7, 
in April, 1881, and the minimum, 36.3, in September, 1876. 
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depend on charcoal. Comparing the number of blast furnaces in the 
directories of July, 1882, and September, 1884, with the nominal maxi-
mum capacity, the following statement is presented to show how rap-
idly advances are being made: 
Comparison between the number and nominal capacity of blas_t furnaces in July, 1882, and 
the nuniber and nominal capacity of blast furnaceB in September, 1884. 
Furnaces. 
Number of charcoal furnaces ...........•.......................•••••......... 
Number of anthracite furnaces ................•.....•.....••••••...... ---··· . 
Number of bituminous-coal furnaces ..•....••. ·-······ ·-· ····-·· ............. . 
Total number of blast furnaces •••••..•••...••........•..•.••••.. •• ..... . 
N om~al capac~ty of charco~ furnaces .....••..•........••..••... short tons .. 
Nommal capacity of anthracite furnaces ..•...••...••.•.••••.••.•••... . do ... . 
Nominal capacity of bituminous-coal furnaces .•.•....•..••..••••...... do ... . 
Total nominal capacity of blast furnaces ........•...•..••••..••.. do ... . 
Average nominal capacity per charcoal furnace .................. short tons .. 
Average nominal capacity per anthracite furnace .... ............ •.... do ... . 
Average nominal capacity per bituminous-coal furnace .... : .......... . do ... . 





























While this table shows the relative importance of each branch of the 
pig-iron industry, and indicates the improvement in blast-furnace prac-
tice in the two years, it is not claimed that the figures of nominal capac-
ities represent the actual product; for the output of the blast furnaces 
in the United States in 1883 was as given below, and the proportion 
which this production bears to the nominal capacity is shown by per-
centages. 
Proportion of actual production of pig iron in 1883 to the nominal capacity of the blast fur-
naces. 
Percent-
Furnaces. Pi~ iron age of produced. nominal 
Short rom. 
Charcoal Cu.maces . . . . . .•. .. .. . . . . .• •. .• . .. . . . . . .. .••....... .. • • . . ... . . . . . . .. . . . 571, 726 
Anthracite fornaces ..•..................... _....................... . . • • . . . • . . • . 1, 885, 596 
Bitnm.inous-coal fm-na.ces...... . . . . . . . . . • . . . • • . . • . . . • . . . • • . . • . . . . . . . . . . . . . . . . . . 2, 689, 650 






The year 1883 wa one of business depression, and the percentages 
are le than would be found at times of greater prosperity; but as the 
nominal capacity i ba e<.l upon all the bla t furnaces being run to their 
utmo t (which can never be the case), correction must be made by a 
lib ral r duction from the total of nominal capacity for idle or crippled 
work·. On th other hand, the number of blast furnaces reported in 
the dir ctorie i al way in exces of those ready to operate, and it is 
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probable that the most equitable method of determining the present 
average capacities of the blast furnaces would be to divide the output 
of 1883 by the number of furnaces of each kind in blast. This method 
is also subject to error, because in time of depression the smaller plants· 
are generally idle, and because the number of furnaces in blast is only' 
correct on the specific date of the reports and not for the entire year. 
The figures for 1883 are as follows: 
Average o·utput of furnaces in blast in 1883. 
Furnaces. 
Charcoal furnaces ......•.. •.....•...••.....•...•....••.••........ 
Anthracite furnaces ..•...........••..•....•....... .•..••••....... 
Bituminous-coal furnaces ........••....•.............•..•.•.• ... . 










Average Pig iron 
made in output per 
1883. furnacein 1883. 





To indicate the progress made, these figures when compared with sim-
ilar data for 1873 show that in ten years the average output has been 
greatly augmented in each of the branches, most notably in the fur-
naces using bituminous fuel. 
The average output per fu1·nace in 1873 and in 1883 compared. 
Number Average Augment of furnaces Pig iron output per average Furnaces. in blast made in furnace in output in December 1~73. 1873. 1883 over 81, 1878. that of 1873. 
Short tons. Short tons. Short tons. 
Charcoal furnaces . .................•....••....•••.•. 190 577,620 8,040 8,766 
Anthracite furnaces . .. . .•.... . ..............•....... 187 1,812,754 9,582 6,898 
Bituminous-coal furnaces ........................... . 83 977,904 ll,782 18,884 
Total .................... . ..................... 410 2,868,278 6,996 9,769 
A late discussion of blast-furnace capacity and production (Journal 
of the United States Association of Charcoal Iron Workers, 1884, Vol. 
V., pp. 217-228) shows that at no time since 1873 have over 63.7 per 
cent. of all the blast furnaces in the country been reported as in blast; 
and the proportion of active furnaces has been as low as 30 per cent. 
of the whole. 
The largest percentage of active furnaces returned was 82.1, as shown 
by the record of anthracite furnaces in April, 1880; and the least pro-
portion of anthracite furnaces in blast was 31.1 per cent., in Septem-
ber, 1876. 
The bituminous furnaces show less variation than those using anthra-
cite, the maximum percentage of the bituminous furnaces being 70.7, 
in April, 1881, and the minimum, 36.3, in September, 1876. 
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The returns for December 31, 1873, show 68.1 per cent. of the charcoal 
furnaces in operation, and those for April, 1877, exhibit but 20.2 per 
cent. in blast. 
The growth of the pig-iron industry by periods of years shows that 
since 1810 the quantity of pig iron made increased practically threefold 
in each double decade; thus the total pig.iron production was: 
Years. 
1810 ........................................ . 
1830 .••.•.•..•• .•.•.. ........•.....••••.•.•.• 
1850 ............................ · · · · .. • . · · · • · 








The last figures seem to indicate that the same geometrical progres-
sion is being continued. 
That this augmented product was not due to an increased number of 
blast furnaces is evident, for at present there are but sixty-three more 
furnace plants than in 1872, when 2,548,214 long tons of iron were made, 
the totai" pig-iron product increasing in twelve years 81 per cent., while 
the number of blast furnaces is but 10 per cent. greater than in 1872 
and 6 per cent. less than in 1881 (see "Mineral Resources of the United 
States, 1882," page 121). 
Until 1840 practically all the iron made was smelted with charcoal, and 
up to 1855 more pig iron was produced with this fuel than with any other. 
But in 1855 the quantity of anthracite pig iron exceeded the product 
of the charcoal blast furnaces, and bas ever since done so. It was, how· 
ever, not until 1869 that more pig iron was made with bituminous fuel 
than with charcoal, and this prestige has since been ·continuously main-
tained. Anthracite pig iron was in advance until 1875, when the quan-
tity produced with bituminous fuel was greater than that made with 
anthracite. 
From 1856 to 1871, with the exceptions of the years 1857 and 1870, 
the quantity of anthracite pig iron made continuousJy exceeded the 
combined production of bituminous and charcoal pig iron. Nearly equal 
proportions of the total product were made with anthracite and bitumi· 
nous fuels from 1872 to 1880, ince which time the annual output of the 
bituminous furnace has increased in greater ratio than that of those 
u ing anthracite; and in 1883 it was greater than the quantity made by 
the anthracite and charcoal furnaces combined. 
From the e statements an idea of mean capacities can be obtained, but 
the extreme which make up these averages are far removed from each 
other. Remarkable record have been made by individual plants in 
each branch of iron production, but ordinarily more attention i given 
to announcemen of the output in a given time than of the fuel con-
umption; and wh n the latter i reduced notably the statement is too 
seldom appreciated in it true relations. It is not alway the Iowe t 
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fuel consumption which indicates the best management, for often one 
furnace may carry considerable more burden of ore and flux, with a given 
weight of fuel, than another, and yet show a greater consumption of 
fuel per ton of product by reason of the leanness or impurities of the 
ore used. 
The output of an old-style cold-blast charcoal furnace, 9 feet in diam-
eter at bosh and 28 feet high, was, as stated, from 4 to 6 tons of pig 
iron per day, the consumption of charcoal being from 150 to 225 bushels 
per ton. The paper on Mont Alto furnacA work. to which reference has 
been made, gives the output of that furnace in 1883, with bosh diameter 
of 9½ feet and height of 44 feet, as averaging 25½ tons of cold-blast iron, 
on a consumption of 129 bm,hels of cbarcoaJ per ton of iron made. 
When hot blast was employed the oJder furnaces of the above dimen-
sions increased their product to from 8 to 10 tons per day; but improved 
appliances and management have latterly obtained 30 to40 tons per day 
from furnaces of practically the same diameter of bosb; but with larger 
crucibles and greater height, and the fuel consumption has fallen to 100 
bushels per ton. In larger and more modern plants of 11 feet diameter 
at bosh and 60 feet high, a product of 70 tons per day, and a fuel con-
sumption of' less than 85 bushels of charcoal per ton, have been attained. 
Anthracite or bituminous furnaces were not operated cold-blast, but 
a comparison of results obtained from plants twenty years ago with 
those of the same size . to-day shows that the output has practically 
doubled under more intelligent management; and furnaces 16 feet 
diameter and 55 feet high, which formerly made 30 tons of iron per day, 
uow produce from 60 to 90 tons. Technical knowledg~ and the appli-
cation of new improvements have done even more for bituminous fur-
naces, for in these the employment of coke with superheated blast, and 
the establishment of new plants, have given them advantages not pos-
sessed by others. Bituminous furnaces, which ten years ago became 
prominent because they made 80 tons per day, have now reached an out-
put of over 300 tons per day. 
So rapidly have the furnaces advanced in their product, and so marked 
has been the low fuel consumption per ton of iron made, that it is not 
deemed advisable to quote more exact figures of product in this paper 
than those above, for fear that they may be below actual results by the 
time the present report is printed. 1:rhe consumption of less than 1 
pound of mineral fuel to make 1 pound of pig iron has been attained at 
a number of works, but the average for all the furnaces will be greater 
than this amount-probably l.4 pounds. 
The modern blast fu1·nace.-As intimated, many of the older plants, 
particularly those constructed to use charcoal or anthracite fuel, have 
been altered and improved; the dimensions have been enlarged, power-
ful steam machinery has been introduced, and larger hot-blast stoves 
and boilers have been added. The boshes have been steepened, so that 
the slopes at present vary from 1½ inches to 4 inches, instead of from 6 
to 10 inches per foot as formerly, and large crucibles have taken thQ 
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place of contracted ones. A majority of the newer plants have been 
located in the iron districts where bituminous coal is used, but a num-
ber of them have been constructed to employ anthracite and charcoal. 
Reviewing what has been said heretofore, a modern blast-furnace 
structure may be described as a wrought-iron shell or casing, resting 
upon a wrought-iron mantle sustained by wrought or cast-iron columns 
of such height as to expose as much of the bosh as possible to the cool-
ing action of the atmosphere. 
The interior shape of the furnace approximates two frustra of cones 
placed base to base at the bosh, the two lesser diameters fixing the size 
of the bottom and the stock line; the variations are mainly in cylindri-
ca,l portions for the crucible or prolongation of the bosh, in greater or 
less slope to the bosh and inwalls, and in the relative sizes of the 
greater and lesser diameters of the two ends of the frustra. The tun-
nel head is fitted with cup and cone, or bell and hopper, operated by a 
lever, and the charging opening is covered by a seal plate. Gas is 
withdrawn just below the hopper and conveyed in masonry flues to the 
"downcomer." 
As a rule the slope of boshes is much steeper, the area at tuyere leve1 
and stock line proportionately greater, and the structures higher than 
formerly, the increased height being owing to raising the tuyeres, 
steepening the slope of boshes, and increasing the cubical contents of the 
shaft of the furnace in which ores are prepared for smelting. No 
American furnaces have, however, been carried to the extreme heights 
of some plants in Great Britain. 
Thin walls of firebrick protected by water-cooled appliances take the 
place of thick stone masonry, and large tuyeres are employed. Volume 
rather than pressure of blast is recognized as the gauge for determining 
the proper operation of the plant. 
Gas is brought from the top of the furnace by wrought-iron pipes or 
' downcomers," either to overhead iron or underground masonry flues, 
which connect with burners at the hot ovens and boilers, and the re-
sults of combustion are carried to high-draft stacks or chimneys, gen-
erally constructed of wrought iron and lined with firebrick. 
W a bing, or rather condensing, the furnace gases by means of jets 
or pans of water placed in the '' downcomers," has met with some favor 
from managers, because thereby so much of the flue dust is kept out of 
the connections. 
Duplicate iron-pipe stoves or regenerative firebrick stoves are em-
ploy d for heating the blast, but few furnaces have an excess of either 
form. Ordinarily two iron-pipe or three regenerative stoves are con-
nect d to a furnace. Four of the latter would secure greater uniformity 
of temp rature, and not le than thi number is advisable. The pipe 
c nveying the heated air are either lined inside or protected on the out-
id with non-c n ucting material , and tuyere fixtures are, as far as 
i · racti a.bl , imilarly tr at d. 
ub -tantial brick building contains several blowing engines of 
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the vertica-1 type, with receivers for taking up the oscillations due to 
the strokes of the engines, and generally also the requisite pumping 
machinery, which (owing to the cooling appliances requiring considera-
ble quantitieR of water) are important features in the machinery of a 
blast furnace. Large stock houses of brick or iron, in which railroad 
tracks are carried on trestles over bins, protect the raw material and 
cover the" fillers" while loading the barrows of ore, flux, or fuel, which 
are then carried to the tunnel head by vertical steam hoists with double 
cages. Brick or iron casting houses protect the workmen who tap the 
furnace, and railroad tracks run alongside or into them, to carry away 
the cinder or pig iron. Some of the buildings of the newer blast fur-
naces are quite attractive in design and substantial in construction. 
Various methods of handling and dumping cinder by railroad cars 
are in use. The' hot cinder is run from cars on to heaps or it is allowed 
to flow in successive thin layers, which, when cooled, are broken by 
bars into road metaling. Slag is also granulated by injecting a stream 
of water under pressure against a falling stream of fluid cinder, and it 
is blown with steam into fine threads commercially known as "mineral 
wool." The necessity of caring for large masses of slag or cinder has 
proved an item of considerable expense at a number of blast furhaces, 
and the matter of dump room must be considered in connection with 
the question of supplies of fuel, ore, flux, and water, or accessibility to 
markets, when locating a new plant. 
The tendency has been to construct large furnaces ·in batteries or 
sets, the plant being equipped with ample blowing machinery, boilers, 
blast-heating apparatus, water supply, etc., so arranged that all can be 
concentratea. on one furnace or any portion of the plant used for either 
furnace. 
The neat, symmetrical furnace stacks, chimneys, and hot-blast stoves; 
the substantial casting, stock, engine, and boiler houses, the-absence 
of flame from the tunnel head, the puffing of small locomotives drawing 
ore, flux, fuel, pig iron, or cinder, and the quantity of material thus 
handled, present a strange contrast to the charcoal furnace of fifty 
years ago. The massive stone stack, from which the flame constantly 
Tose and fell with the wheezing of the blast, and around which centered 
the entire interest of a community dependent upon its action, the battery 
of ore carts and charcoal wagons, with their motive power represented 
by a hundred braying mules, and the Arcadian simplicity of all the sur-
roundings (save at the mansion house), were characteristics of the olden 
time furnace. 
Few instances of progress can be mentioned more notable than is ex-
hibited by comparison of " the old charcoal blast furnace" and " the 
inodern blast furnace." 
[A paper by Mr. P. Barnes, on "The Present Technical Condition of the Steel In-
dustry of the United States," prepared for this volume, has been omitted for lack of 
space, and is published separately as Bulletin No. 25 of the United States Geological 
Survey.] 
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The Mint statistics.-Hon. Horatio C. Burchard, late Director of the 
Mint, has made estimates of the production of the precious metals 
in the United States, and his results (for the last four years) are ac-
cepted as authoritative in this report, no· provision having yet been 
made for the collection of gold and silver statistics by this office. A 
number of other estimates, showing greater or less discrepancies, have 
been published. A table is appended, showing Mr. Burchard's esti-
mates, by States, for the period 1881 to 1884, inclusive. It will be seen 
from these figures that the total production bas been very steady of 
late; but that the gold output has declined somewhat while the silver 
yield has slightly increased. The decline in the production of gold has 
been mainly due to the depression of hydraulic mining in California.. 
The annual output of the two'' precious" metals in the United States 
is about the same in value as that of the pig iron at present prices, but 
far below the value of the coal production. In 1883 the production fell 
short of the yield in 1882 by $2,500,000 gold and $600,000 silver. In 
1884 the gold production increased $800,000 and the silver: production 
increased $2,600,000, as compared with 1883. 
Production of gold and silver in the Un-ited States during the calendar yea1·s 1881 to 1884 
inclusive. 
1881. 
States and Territories. 
Gold. Silver. Total. 
Alaska ...... . .... ........... $15,000 ·-· ····----· $15, 000 Arizona ..... .. ............. 1,000,000 $7, ilOLl, 000 8,360,000 
California ......••• ••• ....... 18,200,000 750,000 18,950,000 
Colorado . ..... ···-·· ........ 3,300,000 17,160,000 20,460,000 
Dakota ..................... 4,000,000 70,000 4,070,000 
fd~h~:::: ::::::::::::: :: :: 125,000 · · i; aoo; ooo · 125,000 • 1,700,000 3,000,000 
Maine ...................... .................... 5,000 5,000 
Montana ............ .... .... 2,330,000 2,630,000 4,960,000 
Nevada ..................... 2, :l50, 000 7,060,000 9,310,000 
New Mexico ................ 185,000 275, 000 4.00, 000 
North Carolina. ......... .... 115,000 115,0()0 
Oregon ... .. . .•.... ..... .... 1,100,000 50,000 1,150,000 
uth Carolina. ............ .. 35,000 ......... ... 35,000 
T nnessee .................. 14~::i 1 ··;;;;;;000·1 5,000 Utab ............•.......... 6,545,000 
~~::l~a.!!t~ii"::::::::: ::: : : : . 
]0,000 ........... 10,000 
120,000 ···- ....••.. 120, 000 
Wyoming ....... ............ 5,000 · ··•········ 5,000 
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Production of gold and silver in the Dnited State,, /o.-Continued. 
1883. 1884. 
Statea and .Territories. -
Gold. Silver. Total. Gold. Silver. Total. 
Alaska ....... . ............ .. $300,000 ----·------- $300,000 $200,000 ............... $200,000 
Arizona ................ .... 950,000 $5,200,000 6, ]50, 000 930,000 $4,500,000 5,430,000 
California ...... . ........... . 14,120, 000 1,460,000 15,580,000 13,600, 000 3,000,000 16, 600,000 
Colorado ..•......•.....•.... 4,100,000 17,370,000 21,470,000 4,250,000 16,000,000 20,250.000 
Dakota .......... ......... .. 3,200,000 150,000 3,350,000 3,300, 000 150,000 3,450,000 
rit:hr.~: :: : : : : : : : : : : ::: : :: : : 199,000 1. 000 200,000 137,000 . ...... .. ....... . 137,000 1,400,000 2,100,000 8,500,000 1,250, 000 2,720,000 3,970,000 
Montana ................. ... 1,800,000 6,000,000 7,800,000 2,170,000 7,000,000 9,170,000 
Nevada .. . ........ ... .... ... 2,520,000 5,430,000 7,950, 0()0 3, 500,000 5,600,000 9,100,000 
New Mexico ....... .. ....... 280,000 2,845,000 8,125,000 800,000 3,000,000 8,800,000 
North Carolina . . ........... 167,000 3,000 ]70, 000 157,000 3,500 160,500 
Oregon ... . ........ . ... ..... 660,000 20,000 680,000 660,000 20,000 680,000 
South Carolina ............. 56,500 500 57,000 57,000 500 57,500 
Utah ... . .. . ...... .... . ... . . 140,000 5,620,000 5,760, 000 120,000 6,800,000 6,920,000 
~~~ii::::;:::::;;:: 6,000 ... .............. 6, 000 2,000 ................ 2,000 80,000 500 80,500 85,000 1,000 86,000 4,000 . . ..... ......... 4,000 6, 000 ........ .... ........ 6,000 
17,500 ........ ........ 17,500 76,000 5,000 81,000 
Total ......... ........ 30,000,000 46,200,000 76,200,000 30,800,000 48,800,000 79,600,000 
Rank of the States and Territories in the production of gold and silver in 1883. 
Gold. Silver. Total. 
1. California. 1. Colorado. 1. Colorado. 
2. Colorado. 2. Montana. 2. California. 
3. Dakota. 
i 
3. Utah. 3. N evada. 
4. Nevada. 4. Nevada. 4. Montana. 
5. Montana. 5. Arizona. 5. Arizona. 
6. Idaho. 6. New Mexico. 6. Utah. 
7. Arizona. 7. Idaho. 7. Idaho. 
8. Oregon. 8. California. 8. Dakota. 
9. Alaska. 9. Dakota. 9. New Mexico. 
10. New Mexico. 10. Oregon. 10. Oregon._ 
11. Georgia. 11. North Carolina. 11. Alaska. 
12. North Carolina. 12. Georgia. 12. Georg;ia. 
13. Utah. 13 { Washington. 13. North Carolina. ~t :c:~iticra%lina. · South Carolina. 14. Washington. 15. South Carolina. 
16. "Other." 16. "Other." 
17. Virginia. 17. Virginia. 
18. Wyoming. 18. Wyoming. 
Bank of the States and Territories in the p1·oduction of golcl and silver in 1884. 
Gold. Silver. Total. 
1. California. 1. Colorado. 1. Colorado. 
2. Colorado. 2. Montana. 2. California. 
3. Nevada. 3. Utah. 3. Montana. 
,l, Dakota. 4. Nevada. 4. Nevada. 
5. Montana. 5. Arizona. 5. Utah. 
6. Idaho. 6 1 Cal1f'ornia. 6. Arizona. 7. Arizona. · New Mexico. 7. Idaho. 
8. Oregon. 8. daho. 8. Dakota. 
O. New Mexico. 9. Dakota. 9. New Mexico. 
10. Alaska. 10. Oregon. 10. Oregon. 
ll. North Carolina. 11. "Other." 11. Alaska. 
l 2. Georgia. 12. North Carolina. 12. North Carolina. 
13. Utah. 13. Washington. rn. Georgia. 
14. Washington. 14. South Carolina. 14. Washin~on. 
15. "Other." 15. "Other. " 
16. South Carolina. 16. South Carolina. 
17. W yoming. 17. Wyoming. 
18. Virginia. 18. Virginia. 
314 MINERAL RESOURCES. 
Mr. Valentine's statistics for 1883.-Mr. J. J. Valentine, vice-president 
and general manager of Wells, Fargo & Co., has prepared the follow-
ing statement of the bullion product of the States and Territories west 
of the Missouri river (including British Columbia, and receipts by ex-
press from the west coast of Mexico) in 1883, based upon the express 
and freight returns. This table includes the value of lead and copper, 
as well as gold and silver. 
Bullion product of the States and Territories west of the Missouri river in 1883, includi1tf 
value of base bullion (lead and copper), and also including the partial product& of Brit'8k. 
Columbia and the west coast of Mexico. 
[Estimated by :Mr. J. J. Valentine.] 
Gold dust 
Gold dust and Silver Ores and 
States and Territories. and bullion by bullion by base Total. bullion by other 'bullion by 
express. convey- express. freight. 
ances. 
California .......... .... ................. $13, 182, 188 $659,109 $1,171,748 $660,269 $15,673,314' 
Nevada .................................. 1,097,595 --· -- ------ · 5,924,252 1,749,774 8,771,621 
z:=~~~·::~·::· :::: :-~·:·::::: ::: = :::::::: 387,927 193,963 11,090 ................ 592,980 42,117 21,058 351 ------ --- -- 63,526 85,000 20,000 .............. .... -··--------- 105,001 
Idaho ..............••••.•••............. 1,077,985 215,597 692,545 l, 819,700 3,805,827 
Montana .... •... •.......•...•.... ..• .•.. 2,380,000 119,000 4,900,000 2,480,000 9,879,000 
Utah ...... ......... .. .... · ..•.••. . . ...••. 27,036 4,184 2,398, G27 4,687,885 7,017,682 
Colorado ..•.....•...•••...••...•........ 2,341,692 ------------ 4,434,444 17,533,864 24,310,000 
New Mexico .•••..••••••.•......•....... 123,642 60,000 1,190,977 2,048,900 3,413,519 
Arizona ................................. 340,686 150,000 4,147,427 3,545,630 8,183,743 
Dakota .................................. 2,448,000 245,000 130,000 .................. 2,823,000 
----
Total ........ . ..................... 23,533,868 1,677,861 25,001,461 34,426,022 84,639,212 
:Mexico 6west coast) ...............••.•.. 767,836 ---···· · --- - 3,870,548 384,000 5,022,384 British olnmbia ......•.....•.•••....... 621,613 130,403 --·--·-- --· - .................... 652,016 
Total .................. ........ . . .. 24,823,317 1,808,264 28,872,009 34,810,022 90,313,612 
The gross yield for 1883, shown in the foregoing table, segregated, 
was approximately as follows: 
Gold ......•.•.. . •...•• ... ••..•••• .. 
Silver ............................. . 
t~~~~::: :: ::: : :::: :: : : : ::: : : :::::: 





$29, 236, 492 
47,229,649 
5,683,921 
8, 16S, 550 
90,313,612 
Mr. Valentine makes the following comparison between his returns 
for 1883 and 1882: "California shows a decrease in gold of $1,629,028, 
and au increa e of silver of $969,844. Nevada shows a falling off of 
1,591,755. The Comstock shows an increase of $392,468; but there is 
a decrea e in the product of Eureka di trict of $1,410,124. With the 
exception of Montana and Idaho, there i a decrease in the product of 
the other State and Territories. The facilities afforded for the trans-
p rtation of bullion, ore , and ba e metals, by the extension of railroads 
int.o the mining di tricts, increa e tbe clifficulty of verifying the reportB 
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of the products from several important locahties; and the general 
tendency is to exaggeration when the actual values are not obtainable 
from authentic sources; but the aggregate result, as shown herein, we 
think may be relied on with reasonable confidence as approximately 
correct." 
Mr. Valentine's statistics for 1884.-Mr. Valentine's estimate for 1884 
is as follows: 
Bullion product of the States and Territ01·ies west of the Missou1·i 1·iver in 1884, including 
value of base biillion ( lead and copper), and also including the partial p1·oducts of British 
Columbia and the west coast of M exico. 
[Estimated by Mr. J. J. Valentine.] 
Gold dust 
Gold dust and Silver Ores and 
States and Territories. and bullion by bullion by base Total. bullion by other bullion by 
express. convey. express. freight. 
ances. 
California .................. . ............ $12,282,471 $614,123 $1,504,705 $871,689 $Iii, 272, 988 
Nevada ........................ . ........ 1,527,859 ---·-------- 5,905,304 1,455,776 8,888,939 
t;!i~~~:·:·:·::·:·:·:·:: :: :: : : : : ::::::::::: 368,315 184,157 2,695 
................ 555,167 
45,964 22,982 1,179 ----- ·------ 70, 125 
35,014 80,000 .. ....... .. ..... ------------ 115,014 
Idaho . .•••••••••••••••••.•••••.•.••••••. 1,010,077 150,000 812,100 1,570,000 3,542,177 
Montana .••••••••••.. ••••••••.•••••..••. 1,875,000 ---- --- -·--- 6,175, 000 3,812,000 11,862,000 
Utah •••••••.•••••..•••••.••••••••.•••••• 31,501 4,134 2,657,054 4,697,147 7,389,836 
Colorado . ..•••• ••••••.• • •. ••••.•.••..••. 2,575,861 ------------ 4,877,888 12,780,000 20,233,749 
NewMerlco ...•.•••••.•.••• ••.•...••.•. 157,688 60,000 906,248 2,536,678 3, 660,614 
Arizona ...•..•.•.•.•• •..•.•..••. . ••...•. 360,791 100,000 3,139,628 3,455,960 7,056,379 
Dakota ..••••••••.••...•.. ••..•...•. . .••. 2,726,847 150,000 110,000 --------·-·· 2,986,847 
Tota.I. ......... . ..... . ............. 22,997,388 1,365,396 26,091,801 31,179,250 81,633,835 
Mexico 6west coast) ..........•.•••.•.••. 285,256 ---------- -· 2,257,144 12,000 2,554,400 British olumbia . •••..•.••....• . .••.•... 647,719 140,000 .... - .. ... ---.. ·---···----- 787,719 
Total. •••••. . ....... •••.• ••.•••.... 23,930,363 1,505,396 28,348,045 31,191,250 84,975,954 
The values of the gold, silver, copper, and lead, segregated, were: 
I Gold . . . ............................. _P_er-:-o~-: -· 1_ $_2:-,·-::-,:-~-42---1 
Silver • •• • • . . • • . . •• • . • •• • • . . • . ••• • . . 53. 90 45,799,069 
·£~~a6:.: :::: ::: ::::::::::::::::::: :: i: 5! ~: ~::: ~gi 
84,975,954 
Mr.Valentine says: "California shows a decrease in goldof$944,703, · 
.md an increase in silver of $513,597. In Nevada, the Comstock shows 
an increase of $1,668,524; Eureka district shows a decrease of $123,152; 
in the total product of the State there is an increase of $117,318; Mon-
tana shows a considerable increase ; Colorado and Arizona a decrease 
from the production of 1883." 
Mr. Valentine's statistics for fifteen years.-The value of the gold and 
silver prodnction of the States and Territories west of the Missouri 
river since 1870, according to Mr. Valentine, is shown in the following 
table, from which the production of British Columbia and the ship-
ments from the west coast of Mexico, and the values of copper and lead, 
have been excluded: 
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Jff'. Valentine's eatimates of the production of gold a11<l sifrer in the States and Temtoriu 
west of the Missouri 1·iu,w from 1870 to 1884 inclusive. 
Years. Gold. Silver. Total. 
1870 ... . ......... . $83, 750, 000 $17,320,000 $51, 070, 000 
1871 ··•··········· 34,398,000 19,286,000 ~3. 684,000 
1872 ········ ·· ..•. 38,177,395 19,924,429 58,101,824 
1873 ............. . 39,206,558 27,483, 302 66,689,860 
1874 ............. . 38, 466,488 29,699,122 68,165,610 
1875 ..... . ·•·· ·· . . 39,968,194 31,035,239 71,603,433 
1876 ...... ······· · 42,886,935 39,292,924 82,179,859 
1877 ..••.... .. ..• . 44,880,223 45,846,109 90,726,332 
1878 ··· ··· ···· ... . 37,576, Oi!O 37,248,137 74,824,167 
1879 ........ .. ... . 31,420,262 37,032,857 68,453,119 
1880 .............. 32,559,067 38,033,055 70,592,122 
1881 .... ... ...... . 30,653,959 42,987,613 73,641,572 
1882 . ... ... . .... .. 29,011,318 48,133,039 77,144,357 
11883 .. .... ···· ·· · · 27,816,640 42,975, 101 70,791,741 
1884 ··• ·········•· 25,188,507 43,529,925 68,713,492 
To compare the results arrived at by the two different methods of es-
timation it is found that Mr. Burchard's figures for 1883 exceed Mr. 
Valentine's by $2,183,360 gold, $3,224,899 silver, and $5,408,259in the-
total. For 1884 the apparent difference is $5,616,433 gold, $4,270,075 
silver, and $10,886,508 total. The Mint returns, however, include the-
production of the States east of the Missouri river, while Mr. Valen· 
tine's do not. The silver product as estimated by Mr. Burchard is-
quoted at the full coining value, while possibly some of the express and 
freight returns are given at the market rate for silver. 
Comparison of estimates for 1883. 
Gold. Silver. Total. 
Mr. Burchard's estimate...... . . . . . • • . . . . . . . . . . . . .. . . . . . . . . . . $30, 000, 000 $46, 200, 000 $76, 200, 000 
llr. Valentine's estimate .. . . .. . .• . . . . . . . . . . . . . . . . . . . . . . . . . . 27,816,640 42,975,101 70,791,741 
Difference . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . 2, 183, 360 3, 224, 899 5, 408, 259 
Comparison of estirnates for 1884. 
Gold. Silver. Total. 
H.r. Burchard's estimate.................................... $30,800,000 $48,800,000 $79,600,000 
Mr. Valentine' tt tistimate ................ . ....... .• .... .'.... 25,183, 567 43,529,925 68,713,492 
---- -------1-----
Difference . . ..•............ ..•........ ... . ....... .... 5,016,433 4,270,075 10,886,508 
Total output to date.-As nearly as can now be ascertained the total 
production of gold in the United States since 1804 has been $1,676,-
914,670, and of ·ilv r, $669,G 3,217; total, $2,346,597,887. 
Procfaction of gold and silver in thP United States to December :n, 18 4. 
Periods. I Gold. I Silver. 
Out-put. of tb South rn Stntcs fro;-1804 to the discovery -- --1 
of itold in California in 1848 (based on estimates of Prof'. I I 
p~~~t'rr~~n: ~8- i~. iS?o." i~~i~·si ~c·,. hy· fisc:tl :v . i;s. : : : : : : 1, m: ~~: ii~ . $-i22,' 122; 260. 
Fiscal -s ar nrhng .Jun, 30, 1 80 (cenim figure , coYering I I 
a. period on month P:t1·lier. n !<Urned) • • . . • • . . . . . • • . . 33 370 663 41 110 057 
July 1, Hs80, to D •cembcr 31, 1 O ( timat d on the b::u1is· ' ' ' ' 
of half the -prorluct of th fi cal~ ear 1>'81, as report6d by I 
Hon. Horatio C. Bnrcharcl, IJm•ctor of tho Mint)....... . 18, 26Q, 000 21,050,000 
Cal nda: yf'ar 1 1 t 1,;: . inclu8iV!' (a r •ported by Hon. 
Total. 
$13, 243, 475 
1, 906, 703, 792 
74,400,620 
39,300,000 
Ho1aho l,. B rcbard, Dir ctor of the int) ...... . ... . . 184, 800, 000 312, 800, 001.1 
669,683,211 / 2,340,597, o87 
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Profits in precious-metal mining.-In the first report of this series it 
was said: "The production of gold and silver, like that of other com-
modities, is of course not one of clear profit. Indeed, a saying that it 
costs $1 in coin to :produce $1 in bullion has gained more or less credit;. 
and though this opinion bas been abundantly shown to be unfounded,. 
and while also any attempt to estimate the profit gained to the country 
by the mining of the .precious metals is mere guesswork, it is still quite 
probable that $500,000,000 of the gross total has been net profit." This 
opinion was based upon a consideration of the large profits which at-
tended the earlier wining enterprises. The margin of profit, especially 
in gold mining, is undoubtedly smaller now than formerly. It is impos· 
sible to ascertain the actual returns to investors, owing to the large num-
ber of mines not operated by corporations and from which no report8 
are published, but the following statement bas been made from the pub-
lished returns for 1883 and 1884, from which it appears. that in these 
years the reported dividends were not greatly in excess of the reported 
assessments. Still it must be remembered that the returns are very 
imperfect, and that, for obvious reasons, the published announcements 
of assessments are proportionately nearer the truth than the reports of' 
dividends, while a vast number of smaller unincorporated mines, which 
could not be operated at a loss, are not represented. 
Assessments and dividends reported in 1883. 
Assessments. Dividends. 
States and Territories Number 
Amount. Mines. of Amount. 
dividends. 
Alask a . . • . . . • . . . . . • • • . . • . . . . . . . . . • . . . . . . . . . . . • • • . • . . $20, 250 . 
Arizona. 165 500 ··· · ······a· .... .. ... i4 .. . $600,"000• 
f IJ~~:i:i;;;;;iii;;iiiii::::!: iiiii\l(\i(:ii()~; ffi: 11 I '. H 
Total. .. . . .. . .. .. • . . .. . . . . . . . . . • . . • • • . . . . . . . • • . 5, 688, 284 68 223 6, 740, 060 
A.ssessmenta and dividends 1·eported in 1884. 
Assessments. Dividends. 
~tates I\Ild Territories. Number 
Amount. 'Mines. of Amount. 
dividends . 
.A.lruika. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~. 400 
1izoon 187 000 . . ••. . ·· ··a· ...... .... 4. "iiii,'500 
!~~~t.~:U\\L\\'.!\I\\\lH\\'.\I\\\\\\ sJ[fil: 1 ij t ru: m 
Vermont .............. . ............. .. ......... .. . . .. .... . .... _.... ~ 2: 2• 2~i: g~g 
To l . . . . . . . . . . . . . . . . . . . • . . . . . . . .. . . . . . . . . . . . . . 4, 600, 700 54 227 7, 667, GOS 
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Consumption in the arts.-In 1883 the value of the gold and silver 
consumed in the United States in the manufacture of chemicals, 
watches, jewelry, instruments, plate, etc., and in -repairs, was stated 
at $14,223,448 gold, and $5,392,777 silver; total, $19,616,225. In 
1884 the corresponding amounts were estimated at $14,500,000 gold, 
$5,500,000 silver, and $20,000,000 total. Thjs consumption has at-
tracted much attentiou, in view of the heavy draft npon the coin circu-
lation of this country, and in consideration of the similar absorption 
of the precious metals, especially of gold, which is going on abroad. 
If the :figures are correct, the apparent consumption of gold in the arts 
is nearly one.half of the total gold product. It should be remembered, 
however, that a conside_rable portion of the gold and silver temporarily 
absorbed in this way returns again into circulation as coin, and that of 
this total consumption only about one-half is domestic bullion produced 
in the same year. Thus in 1884 the industrial consumption of new bull-
ion, produced by mines of the United States in that year, is estimated 
by Mr. Burchard to have been only $6,000,000 gold, $4,500,000 silver, 
and $10,500,000 total. 
The world's production of gold and silver.-The annexed table, com. 
piled by Mr. Burchard, shows the total output of the precious metals 
in the world, as nearly as can be estimated. For several of the coun· 
tries there are no official figures, and in some cases it has been neces. · 
sary to repeat earlier statistics, in the absence of fresh reports. The 
yield of gold appears to be steadily declining, while that of silver is _in. 
creasing. The annual contribution of the United States to the world's 
stock of the precious metals is now about one.third of the total gold 
supply and about two-fifths of the silver. 





United States................................. .... ... 52, 212 $34, 700, ooo 1, 034, 649 $43, ooo, ooo 
Russia............................... ....... .. . ...... 36,671 24,371,343 7,992 332,198 
Australia ...... ................. .... ................. 46,178 30,690,000 3,970 104,983 
.Mexico . .. . . .. • . . . .. . .. . . .. . .. . .. . .. .. . . .. .. • . • . . . . . . 1, 292 858, 909 665, 918 27, 675, 540 
Germany . .. .. . . .. • . .. . . • .. . . . . • . . .. . .. .. . .. .. .. • .. .. 850 232, 6,10 186, 990 7, 771, 304 
Austria-Hungary.................................... 1,867 1,240,808 31,859 1, 803, 280 
Sweden............. ................................. 1 665 1,176 48,875 
Norway ............................... ...... .............. ... . .... ....... __ . 4, 812 199, 987 
\t;Jiiei~·~·~-~----~--:·:~·~----~-----_.~·~·~--.--:::::: :~:::: :::::: ::: : ::: : : : · · · · --~~:. · · -· · · · :::-:;:. 7t m 3• 0}t E~ 
.Argentine Republic • • • • . .. .. • . .. • .. . •• • • • . • • . • • • . . .. 118 78, 546 10, 109 420, 225 
Colombia .. .. . • . .. • .. ... • .. .. .. . .. • • . •• . ... •• . • • . . . . . 6, 019 4, 000, 000 24, 057 1. 000, QOO 
~t0t\}~ti}i!t11111rniii1JI!Ii ;J~ ~: ~t fl : };;i: /J:r m 
Canada . . . . .. . •. . . . . .. . .. .. .. .. . .. . . . . . . . . . . . . . . .. . . . 1, 648 1, 094, 926 1, 641 68, 205 
France ................ ... ............................... .... ......... ... ....................... . ... . 
Total - · · · ·......... . .. . . .. • .. . .. • . • .. • • • . .. • . . . 155, 016 103, 023, 078 2, 458, 322 102, 168, 354 
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United States........................................ 48,902 $32,500,000 
.Russia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 35, 913 23, 867, 935 
Australia................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43, 550 28, 943, 217 
Mexico • • • • • • • • • • • • • • • • • • • . • • • . • • • • • • • • • . . . . • . • . . . • . . 1, 409 936, 223 
x~~~~~!iitii=igarr:::: :::: :: ::: ::: :::: :::::: ::: :: : : : : : 1, :ii 1, ~~: i~~ 
Sweden • • • . . . . . . . • . ••• • • . . •• • • • • • •• • . .• • . . . . . . • • . • • • . 17 11, 298 
f Jtii:;:;;;;;:;;;;::;;::: ;:::::):::;:;:\:): : ::: ::i:: : : : • :: :~;: 
Argentine Republio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 78, 546 































5,325,000 l~ff iitit?i\?EL??H?+: ~ ffi .. ~§ 
Venezuela........................................... 3,904 2,595,077 . . .................. . 
~~:~: .-.·:::::::::::::::::::::::: :::::: ::: : ::: : :: : : : : ... -~·-~:~ ..... ~:~:~·- :~~ ... . 1!Jtt 5:: = 





United States............................... . ... .. .. . 45, 140 $30,000, 000 l, 111,457 $46,200,000 
Russia........ . .............. . ....................... 35,913 23,867, 935 7,781 323,427 
Australia... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 873 26, 500, 000 1, 924 80, 000 
~:~ca°n;;:::: :::::::::: :::::::::::::::: :::::::::::::: ], !~~ ~~~: ~~~ i~i: :ir 2~: g:: ~~~ 
Austria-Hungary............ . . .................... . 1, 6a8 1 088, 615 48,708 2,024,645 
i1rt~L:::::::::::::::::-~:::_::::::::::: :::::: :::: :~ ...... i;: .. --.·. -~::-::~. ~: m 2~+:1 
-lu~1~ey:::::::: :::::::::: ::::::::::::: ::::::: :::::::: ....... io . ....... ·o. 646° 7~: ~: 3' o~g: ~: 
t~r:tjne Republic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 78: 546 10, 109 420, 225 
f i~?;!!\;l\~llllI:lllii!'.!!!l!!ll!!!l!i !!l  ____ ; i _____ :;~l I_ :::: :Ii: :::;:: :~; 
Total .......... ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141, 479 94, 027, 901 2, 747, 785 114, 217, 781 
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Imports of gold and silver, 1868 to 1884 inclusive. 
Gold . Silver. 
.Fiscal years ending .Tune 30-
Dust.(a) Bullion. Coin. Bullion. Coin. 
1868 . ---.. -.... -..... ---. -.... --.. -.. ---. -.. --...... ------·--· $1,909,503 $6,558,602 $151,238 $5,304,835 
1869 ·----- ----------·-------------------·· -----·---· 890,064 13,240, 191 54,267 5,622,548 
1870 .... ................................................... ---------- 697,904 11,452,414 161,932 14,217,406 
1871 ........•.....•••...•...•...••......... ---------· 1,177, 387 5,704,298 69,836 11,591,875 
1872 ....... · ..••.. ·••··•··· ....••....••..... $258,329 1,101,617 7,339,572 405,631 4,647,034 
1873 .. ... .. .•••.. ··•····•••·•••·· .......... 7,771 1,549,899 7,092,011 476,608 12,318,911 
1874 ..... .••........•.•...••..•••••.•.•. ... 20,842 1,349,346 18,089,155 830,639 8,153,087 
1875 ..... ... . ...... ·•·•·· ·••••· .•...•...... 15,222 1,562, 767 12,018,537 1,294,763 5,913,474 
1876 ......... •. .. ..••••••••...•..•••..• •.. . 28,802 1,167,102 6,596,692 1,057,377 6, 885,795 
1877 ... . ... ·······•··•••···•·•····· ........ 85,858 2,032, i/97 24,131,925 4,693,605 9, 8~9, 666 
1878 .... .....•. .•. . .••••..••....• ........•. 17,602 1,955,005 11,365,656 6, ~71, 849 9,512,704 
1879 ... ... ..•. ......... •.••••...•• ...•.• .. . 17,949 . 1,275,749 4,373,168 2,424, 6,5 12,203,871 
]880 ... . ..........••.•••••••..•..••.••...• . 883,690 19,453,755 60,420,951 1,981,425 10,294,489 
1881 .... ..••....•..•••••• ••····• · .•.••..•. . 697,467 30,301,452 69,032,340 2,303,472 8,240,766 
1882 ... ....... ....................... ......... ........ ..... 647,551 8, 758, 502 24,971,001 2,121,833 5,973,603 
1883 ......... .••••..••....•.....••........ . ... ........ ... . 3,334,708 14,399,441 2,475,968 8,279,274 
1884 ......... ............................................. . . .. .. .... .. .... . 4,997,571 17,833,746 2,910,451 11,684,494 
ain 1868-1871, 1883, and 1884 includecl under head of gold bullion. 
Exports of gold and silver of domestic production, 1851 to 1884 inclusive. 
Gold and 
Gold. Silver. 
Fiscal years ending .Tune 30- silver coin. 1--------->----------
(b) Bullion. Coin. Bullion. Coin. 
1851 .. ..... . . •••••.••....•...•••••..••.. . $18, 069, 580 .. . . .. ...... .............••....•••..•••.•....•.. 
i~~~ .::::::::·:::::::::::::::::::::::::::: ~~:m:m :::::::::::: :::.::: ·:::: :::::: :::::: :::::::::::: 
J 854 . . . . . . . . . • . . • • . • • • • . . . . • . . . . • . . . • • • . . 38, 062, 570 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • ••..•.••... 
1855 . ... . ..... •• . ••• •.. ••••.. ...•.. ..•... 19,842,423 $34,114,995 ..................•. . •...•• •••.•••• • 
l 856 . . . . . . . . . . • • . . . • . • • • • • • • . • • • • . . • • • • . . 15, 458, 333 28, 689, 946 . . . . . . . . . . . . . . . . . . . . . . . . • ..•. . ••.•.. 
1857 . . . . . . . . . • • • • . • • . • • • . . . . . • • • • • • . • • . . . 28, 777, 372 31, 300, 980 .........•.. .•......•.... ..... ...•. • 
1858 . . . . . • . . . • • . . • . . • • • . . • • . • • • • . • . • • • • . 19, 474, 040 22, 933, 206 . . . . . . . . . . . . .....•••.•..•.•...•..•. 
1859 . . . . . . • . . . • • . . • . . . • • . • • . • . • . . . . • • • . • . 24, 172, 442 33, 329, 863 . . . . . . . . . • . . . . . • . . . . . . • . •.•..•••••• 
1860 ........•.•.••.••••...•.....••..•.... 26,033,678 30,913,173 .... ............. ...... . . •.......... 
]861 ··········•··••··••··••··••••·••·•·· 10,488,590 13,311,280 ····· - ····· · .•........•. ···· - ······· 
1862 - . . . . . . . . ••• • • • •••• •• • • • . • •• • . . •• • . . . . . . . . . . . . . . . 13, 267, 739 $17, 776, 912 ................. . ..•... 
1863 . . . . . . . . • • . • • . • . . . • • . . • . . . • • • . . • • . . . . 44, 608, 529 11, :185, 033 1. . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
]864 .. . - . . • . .. . • .• •• . . ••.. •.. .••••. .••... .•••.. ••. ••. 10,985,703 86,148,921 $836,387 $2,502,551 
1865 .. - . . . . . . . • • . • • • . . • • .• • • . .• . • • . ••• • . . . . . . . . . .• . . . 21,145,055 35,413, 651 6,311,986 1,747,432 
1866 . . . • . . . . • . • . . • . . • • • . • • • . .•• • . • ••• • . . .• • . . . • •• • . • 20,731,473 40,395, 993 10,832,849 1,683,059 
1867 . . . . . . . . . . . • . • • • • . . . .. • • . • • • • • . . • • • • . . • . . . • . . . • • . 13, 867, 641 22, 362, 035 15, 853, 530 2, 892, 990 
1868 . . • . . . . . . . . • . • • • . . . . . . • • . • • • • • • • • • • • • . • • . . • • . • • . . 23, 841, 155 44, 390, 003 12, 978, 311 2, 536, 506 
1869 . . . • • • • . . . • . • • • . . . . . . • • . ••• • • . • • . . . . . . . . . . . . • • . . 13, 584, 407 14, 858, 369 13, 573, 427 899, 763 
]870 . ....•• •.•. •••·•• ....•••.••.•.. ••.•...•. .. • .•••.. 15,812,108 12,768,501 11,748,864 3,554,329 
1871 ...•.. - •.•.• . .••.•....••..••........ .•• - .. - - . . . . . 9,089,959 55,491, 719 17,285,916 2,535, 765 
1872 •..•.......••.••...... ••·••· •• .• . . . . . . . . . . . . . . . . . 7,986,145 40,391,357 22,729, 657· 1,601,081 
1873 . . • • . . . . . . • • • • • .. . • • . . • • .• • • • . . • . . . . . . • • . . . . . . • . . 8,810, 175 35,661,863 27,759,066 1,674,442 
1874 ... - . • • • . . . • . • • . • • . . • . • . • . • • . . • . . . . . . . • • . . • . . . • . 3, 878, 543 28, 766, 943 22, 498, 782 4, 555, 418 
1875 . •• • • • • • • . • • . . . . . . • • . . . . . . •• • • . • •• • . . • • . . . • . . . . . . 2, 233, 775 59, 309, 770 1-7, 197, 914 5, 115, 670 
1876 • . . . . . • • . • . • . . . • • • • . . . • • . . • • . . • • . . • • . • • . . . . • • • . . . 1, 888, 896 27, 542, 861 15, 240, 344 5, 366, 590 
1877......... ••• • •• • • • . • •• . . . .•• •• . ••• • . . . • • . . . . . . • • . 1,084,536 21,274,565 11,482,894 9, 292, 743 
1878 . . • • . • •• • • • • . • • • . . • • . . • • . • • • • . . • . . . . . . . • . . • . . . . . . 205, 319 6, 427, 251 15, 035, 045 5, 394, 270 
1879 . • . • . • • • . • • • • . . • . • • • . . • • . • • . . . . . . . . . . . • . . . . . . . . • . 24, 774 4, 120, 311 11, 883, 064 1, 526, 886 
1880 . . . • . • • • . . • • . . . • . • • • . . • . . . • • . . • . . . . . . . • • . . . • . . . . . 87, 066 1, 687, 973 6, 912, 864 659, 990 
~:~: :::::: :::: :: :::: :::::::: ::::: ::::::: ::: ::: :: ::::
1
1. 5~~: ~:~ 2i: ~t~: ~~i n: m: ~:~ m: :~ 
1883 •......•.••••..•.•••.•.•.•••••.••••• ·1' ·. .. . . . . . . . . 4,118,455 4,802,454 12,551,378 150,894 
1884 . . • • . . • • . . • • . . • • . . • • . . • • . . • • • . • • • • . • . • • • • . . • • • . . . 23, 052, 183 12, 242, 021 14, 241, 050 690, 381 
b In 1862 and 1864-1884 segregated, appearing in t.b.e other columns. 
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COPPER. 
THE COPPER INDUSTRY OF THE UNITED STATES. 
BY C. KIRCHHOFF, JR. 
The years 1883 and 1884 have been very trying for the copper-mining 
and allied industries in the United States. In addition to the great 
influence upon them of the continued depression in all branches of busi-
ness in this country, they have passed through an era of complete revo-
lution of the conditions which have affected them during the past de-
cades. The indications of the years 1881 and 1882 ·have been fulfilled, 
and from a spirited competition for the home markets the different cop· 
per-producing districts of the United States have entered upon a strug-
gle for existence with the makers of the entire world. That contest 
has not yet ended, and it is a question which has been seriously dis-
cussed pro and con whether the fiercest moments of the fray have yet 
passed or not. In some respects our producers have been at a great 
advantage, in others they have struggled against adverse circum-
stances. The general effect of the sharp competit ion in all parts of the 
world has been the usual one of causing an increase in output, the 
stronger concerns adding to their yield greater quantities than the 
amounts of metal withdrawn from the supply by the closing of weaker 
mines, so that the net result has been quite a general increase in the 
production. The beginning of periods of depression usually causes 
mines that have been fairly prosperous for years to add to plant. They 
hope thus to make up for the falling off in the net returns due to lower 
price per pound by forcing down general expenses per unit through a 
larger output, by scaling cost in every way, by reducing wages, and by 
taking advantage of the lower prices of raw materials and supplies 
cau ed by the general depre sion. Before a mine is closed down, the 
force disorganized, and the capital invested in it practically abandoned 
for at least an indefinite period, its reserves are exhausted, all dead 
work i su pended, and repair and renewals of plant are neglected. 
Work is continued, particularly in the ca e of joint-stock enterprise , 
until all appeals to the stockholders fail to procure additional funds, 
and credit is exhau ted. The history of mining has taught thi over 
and over again, and the cour e of affairs, for instance, in the Lake 
Sup rior di trict during the pa t two year , has abundantly confirmed 
it. So far as it is po sible to do so at a di tance, we can trace the ame 
322 
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causes at work in other countries through the reports of public compa-
nies. Unfortunately, in the case of Chili the fact that the mines are 
largely in the hands of private firms and families makes it difficult to 
follow their affairs. 
While on the one hand declining prices have driven many mines 
to greater output, they have on the other hand effectually restricted the 
development of new enterprises. Those new ventures, and there were 
many of them, which had no~ yet been planted on a solid foundation 
have been forced to suspension or collapse, and.nearly all efforts to raise 
the capital for new enterprises have failed. It is even a question which 
those interested in many American copper mines may well seriously 
debate, whether or not it would not be wiser to allow known large re-
serves of ore in their mines to remain untouched rather t.han exhaust 
them without reaping an adequate reward. This may be particularly 
urged where the deposits themselves are of an uncertain character, 
where the ore may be expected to change in character in depth in an 
unfavorable manner, where railroad communications are poor, fuel i1-1 
excessively costly, or labor still commands exceptionally high .figures. 
In the face of all the discouraging circumstances of the past two ;yearR 
the United States has forged ahead to the position of the greatest 
copper producer of the world, and now occupies a leading rank as a con-
tributor of raw material to its markets. This exuberant production at 
a time of general depression has no doubt reacted directly upon values, 
and the heavy. output of this country is chiefly responsible for the de-
cline of prices. It bas been repeatedly urged, not alone abroad, but also 
by some of our producers, that the strenuous efforts made to swell the 
product were suicidal; that by an understanding among the leading 
mines-in principal districts the output could be kept in band, so that 
the net returns from the sale of smaller quantities at better prices would 
be as good, if not better, than those now realized. Even preliminary 
steps taken in this direction have shown that there is no harmony of 
opinion on the subject. The conviction seems to have been reached by 
the managers of the largest mines throughout the country that as new-
comers in the world's market, on the footing of regular contributors to 
it, our copper mines must be the aggressors. They are unflinchingly 
meeting the market and will hold their position in it until either a closing 
down of the weaker mines in all parts of the world or the long-ex-
pected rapid development of consumption overtakes the production and 
makes an advance in price possible. 
American copper goes abroad now in the form of ore, of matte, of 
black copper, of re.fined metal, and of electrolytic copper, every impor-
tant producing region participating in the movement. It is to be re-
gretted that we have not, during the past two years, made any substan-
tial progress in pl;wing the metal in foreign markets in a manufactured 
form. In the earlier stages of manufacture in our rolling mills rule of 
thumb reigns supreme, and the practice in mixing alloys and in melting 
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is spoken of as very crude by men of unquestioned authority. It is in 
the subsequent mechanical process of shaping the metal, in the taste 
shown in the make-up of tbe goods, and in their exceptionally high qual-
ity, that American rolling mills and brass and bronze manufactories are 
said by experts to be far in advance of foreign rivals. Our own pro-
ducers look with some impatience to the time when the home sales will 
be enlarged by a demand for raw material for manufactures to be ex-
ported, which would go band in hand with lower prices for manufact-
ured goods in this country, and therefore lead to an expanded home 
consumption. It is not likely that any steps will be taken in this direction 
until manufacturers feel conviuced, first, that the present abundant pro-
d nction is not a passing phase, and secondly, that they will be compen-
sated by a much larger business for the reduction of profits on a smaller 
turnover. On the first point an intelligent survey of the field will soon 
carry with it conviction. Individual enterprises in the new <listricts 
may have reached their greatest development or may do so in the near 
future, but enough attention has now been given to the copper resources 
of the Rocky mountains to warrant the assertion that the virgin ground 
already explored will make good any decline in other quarters. On the 
second point hesitation is better founded, and may only be dispelled by 
competition by new works. 
No question has probably been as variously discussed during the con-
stant decline of values as that relating to the capacity of the different 
mines to outlive low prices. It has been already pointed out that 
even poor mines will continue to struggle much longer than is gener-
ally believed. During the year 1884 there was probably not a copper 
enterprise in the United States which bas not had every item of cost 
subjected to the closest scrutiny. So far as the Lake Superior mines 
are concerned it is a comparatively easy matter to arrive at the propor-
tion of the yield in 1883 and 1884 which has resulted in a profit to the 
miues. Out of the total product in 1883, of 59,702,404 pounds, about 
49,500,000 pounds, or 83 per cent., were produced at figures below the 
market rates, while in 1884 the figures may be placed at 69,250,000 and 
54,000,000 pound , respectively, assuming the average price to have 
been 11½ cents. It must not be forgotten that the average price real-
ized i lower in reality than the average market rate in this country, 
because the returns obtained from that part of the yield which is mar-
keted abroad are lower. So far as the other producing regions are con-
cerued, their mine are, with but a few exceptions, in the hands of firms 
or clo e corporation , who, e bu ine s affair are not a matter open to 
public di cu ion. In some important instances, too, the base metal 
iH a m re carrier of the preciou metals, or the pre ence of the latter 
in the ore is an important factor, thus rendering the producers more or 
le s independent of the market value of the copper. It may be tated, 
however, without di c10 mg private affair , that out' of the total prod-
uct of Montana certainly a very large percentag~ yielded a profit, and 
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that out of the whole make of Arizona not lP.ss than 90 per cent. was 
placed on the market, in 1884, at remunerative rates. It is not held, 
however, tlrnt these :figures represent the maximum figure, because 
there are a number of other enterprises, great and small, concerning 
which no data have been available. Viewing it in a different light, it 
may be said that out of the total output of the United States in 1884 
fully 70 per cent. can be put on the market at 11½ cents for Lake Supe-
rior copper, and at lOi cents for other kinds. These prices are very 
low as an average of the price realized in 1884. 
The decrease in dividends during t~e years 1883 and 1884 furnishes 
a striking illustration of the pressure of the decline. The profits paid 
to shareholders of public companies during these years were as follows: 
Divide,ul,s of copper mining companies. 
Name of mine. 1882. 
Calumet and Hecla (Lake Superior)....... . ...................... $2, 000, 000 
8~~~ii: ~t:t: ~~~:!t~~~:::: :::::: ::~:: ::::::: :::::: :::::: :: :::: :: M~: ggg 
.Atlantic (Lake Superior)......................................... 80, 000 
Central (Lake f-uperior).................................... .•• . . . 60, 000 
Franklin (Lake Superior) . . . . . . . . . . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . . . .......... . 
Copper Queen (Arizona) . . . . . . . . . • •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ?25, 000 
San Francisco (California) . ..... . .....•...................................... 
United Verde (Arizona) ...........................................•.•........ 
1883. 1884. 
I 
$2, 000, 000 I $1, 300, 000 
380, 000 280, 000 
200, 000 62, 500 
80, 000 40, 000 
60, 000 40, 000 
80, 000 80, 000 
500, 000 200, 000 
3~: ~gg 1 · · · · · · Eio; ooo 
In addition to these published dividends other profits have been dis-
tributed to shareholders in close corporations, among which the Montana 
Copper Company and the Parrot Silver and Copper Company, both of 
Butte, may be mentioned. 
In some instances these dividends were only earned in part by copper 
mining operations, being in one case the return from sales of lands, and 
being in more than one concern partly made up by drawing upon re-
servefunds. On the other hand it is only fair to state that in many other 
cases profits earned were invested in extension of plant antl. equipment, 
in the accumulation of supplies and working capital, and in the pay-
ment of interest charges upon debt inherited from former mismanage-
ment. 
How much was irretrievably sunk in the opening of mines and the 
purchase of plant by concerns unable to meet the market, it is impossi-
ble to form any correct idea of: Much of the capital thus invested will 
become productive as soon as there is a recovery of values, as soon as 
better transportation facilities are afforded, or supplies, fuel, and labor 
decline as the consequence of a development of the regions in which 
they are located. There can be no doubt, however, that very large 
sums of money have been injudiciously expended and may be counted 
as a dead loss to the investors. In more than one case absurdly high 
amounts were paid for property, and serious blunders have been made 
in building unsuitable or inefficient reduction plant. 
The years 1883 and 1884 have therefo1·e been far from being prosper-
ous years for the copper industry of the United States. They bave, 
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however, fully proved the vitality of the new districts of the West. They 
have shown how great are the resources of tha·t part of our country, and 
have laid the foundation of an industry which is capable of considerable 
expansion still, and is sure to prove highly remunerative in the future. 
Individual enterprises may decline, and some of the districts now the 
scene of considerable activity may be robbed of their importance, but 
enough has been shown during the past few years of prospecting and 
development to warrant the statement that our copper resources are far 
greater in magnitude than even the most sanguine were led to believe 
two years ago. The opening of the western mines may be regarded as 
the direct result of the rapid extension of the railroads in the Rocky 
mountains, cheapening the cost of suitable fuel and the shipment of 
product. Thus far they have not had the leveling effect upon wages 
which follows an increase of population and a lower cost of living, and 
in this direction the future may bring relief to many struggling enter-
prises. In the southwestern tier of Territories the deposits, so far as 
they are known by development, carry oxidized ores, often of great 
richness and in large bodies. As yet they have not been opened to 
such a depth that unaltered ores have been reached, and the questions 
affecting their future, when that period does arrive, have not yet been 
brought up. As a general thing it may, however, be stated that from 
the chara"ter of the deposits and of their ore contents their life is 
not looked upon as being assured for long periods. But there is so 
much unprospected ground, so much partially opened, that no serious 
decline is feared. These Territories are not threatened with a repetition 
of the short-lived early copper excitement of California. Montana's 
future as a copper-producing section is assured for many years to come. 
The great mass of the ore is undoubtedly low in grade, comparatively 
speaking, but it has proved to be unusually abundant, and is handled 
with skill and enterpri e. Besides these prominent regions, well-au 
thenticated reports come from almost every quarter of the Rocky mount-
ains of promising pro pect , some of which will unquestionably develop 
into important pro<lucers. It may, therefore, be stated with confluence 
that taken a a whole the western States and Territories have proved 
their ability to become great factors of permanent irn.portauce in the 
copper indu try of this country aud of the world. 
In tlrn Lake Superior region the past two years have practically 
ounded the death knell of many of the smaller mine , and ha,e borne 
hea ily on the future of ventures into which heavy amount of capital 
had gone only a few year ince, encouraged chiefly by the prospects of 
rem~merative employment through the introduction of modern methods 
of xtraction and ore treatment. A good deal of progre s has been 
ma • in hat direction, and some relief was obtained by a lowering of 
th co t of supplies and of wages. But the decline was so heavy that 
th re tricti "Q of exp nditure could not keep pace with it, and for some 
tim t com~ new inv . trnent. i 11 the mine of the region will not be 
he vy. 'Ihe lar(J' r, mor pr perou ' concern have been forced to anin-
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creased output, and all but a few of them are now able to continue work 
at least without loss, though not with the phenomenal profits of the 
past. There is still an enormous amount of unexplored ground which 
promises to afford the opportunities for a steadily growing industry. 
It may be stated in a general way that the Lake Superior mines pos-
sess all the elements of stability, while on the whole those of the far 
West may be looked upon as subject to greater fluctuations individually 
and collectively, with the exception always of the Montana mines, where 
the main dependence is upon the cheap handling of large q_uantities of 
ores, which under local conditions must be pronounced low grade. It 
must be clearly understood in regard to the latter that their similarity 
with certain great mines of Chili makes it _a matter of little doubt that 
greater depth will reveal changes to unaltered low-grade ores. The 
future can only teach whether the output can then be maintained. In 
the meanwhile there are very heavy known reserves, and no signs of 
changes in the character of the ores have appeared. 
DOMESTIO PRODUOTION, 
The growth in the production of copper in the United States, com-
piled up to 1884, inclusive, from the best data available, is shown in the 
following table. It proves in a striking manner how preponderating 
was, until the past few years, the influence of the Lake Superior district; 
and again of one great mine in it, the Calumet and Hecla, for more 
than a decade. In order to point out more clearly how prepondArating 
has been the output of the Lake district from 184 7 to 1880, a column has 
been added giving its percentage of the total product from year to 
year. It should be stated that the yield of copper from pyrites is not 
here included. 
Production of coppe1' in the United States from 1845 to 1884, inclusive. 
Percent- Percent-
Tora! I Lok, Calumet ageofLn,ke Total Lake Calumet ageofLake Years. pr?duc- Superior and :Supel'ior Years. produc- and Superior 
twn. · Hecla. of total tion. Superior. Hecla. of total 
product. product. 
---
Longtons. Long tons. Long tons. Long tons. Long tons. Long tons. 
1845 ... 100 12 12. 0 1866 -- 8,900 u, 138 68.8 
1846. -- 150 26 -- -· --- ·- 17. 0 1867 .. 10,000 7,824 603 78. 2 
1847 --- 300 213 ·---- ---- - 71. 0 1868 -- 11,600 0, 346 2,276 80. 6 
1848. -- 600 461 ----- ----· 92. 6 1869 -- 12,500 11,386 5,497 95.1 
1849 . .. 700 672 .. .......... 96. 0 1870 .. 12,600 10,992 6,277 87. 2 
1850 --- 650 572 .... -.... -...... 88. 0 1871 . . 13, ouo 11, 91~ 7,242 91.9 
1851. .. 000 779 ... .. .. .... 86. 6 1872. , 12,500 10,961 7,215 95. 7 
1852. -- 1,100 792 ... .......... 72. 0 1873 .. 15,500 13,433 8,414 87. 3 
1853 --- 2,000 1,297 ··-------- 64. 9 1874 •. 17, 500 15,327 8,984 87. 6 
1854 ... 2,250 1,810 ...... . .... 71. 1 1876 -- 18,000 16,089 0, 586 89. 4 
1855 --- 3,000 2,593 ······---· 86. 4 1876 .. 19, 000 17,085 9,683 88. 9 
1856 . - - 4,000 3,666 ·----- --- 91.6 1877 -- 21,000 17,422 10,076 82. 9 
1857 .. 4,800 4,255 .. ......... 88. 7 1878 .. 21,600 )7, 719 11,272 82.4 
1858 ... 5,600 4,088 . -.... -........ 74. 3 187!) -- 23,000 19,129 11, 728 83. 2 
1859 ... 6,300 3,985 ····-----· 63. 3 1880 .. 27,000 22,204 14.140 82. 2 
1860 ... 7,200 5, ass ... ....... . 74. 8 )881 . . 32,000 24,363 14,000 76.1 
1861 .. . 7,500 6, 71H ·-··- ·---- 89. 1 1882 . . 40,467 25,439 14, 309 62.1 
1862 • 1 
9,000 6,065 ...... .... . . . 67. 4 1883 .. 51,674 26,653 14, 788 50.1 
63. -- 8,500 6,797 .. ........ ... .. 67. 0 1884 . . 63,555 30,916 17,812 48. 4 
1864 ... 8,000 5,576 .............. 69. 7 1 Total. 
--------------
1865 --- 8,500 a,no ...... . ... .. . 75. 4 612,146 376,047 173,901 73.4 
I 
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As in the past, it has been a matter of little difficulty to collect neariy 
liOmplete returns from the Lake Superior mines. For the year 1883 the 
official :figures by the Hon. A. P. Swineford, commissioner of mineral 
statistics of Michigan, have been followed: · 
The production of Lake Superior copper mines in 1882, 1883, and H:384. 
Mines. 1882. 
Pounds. 
Calumet and Hecla............................. . . . . . . . . . . . . . . . . . . 32, 053, 539 
Quincy...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 665, 796 
Osceola ......................... ... ............... - . . . . . . . . . . . . . . 4, 176, 782 
Franklin.... . ........ . ........................................... 3,264, 120 
Atlantic...... . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . 2, 631, 708 
Allouez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 1, 683, 557 
Pewabic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,482, 666 
Central . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 353, 597 
~~:~~!i;:t:~:::::::::::: ·:::::::::::::::::::::::::::::::::::::: m: ~:& 
Mass . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 666, 086 
~~~:{~ ~~~~::::::::::::::::::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : m: g~g 
Hancock........................ . ................................ 540,575 
Huron . . . . . . . . . . . . . . . ..... _ ...... . _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 364, 579 
f~~\5iair·:: :: : :: :::::: :::::: ::: :: ::::: ::::: ::::::::: :::::: :::::: 1~~: r~~ 
Cliff ......•• . .........•...•••••.....•.•........••............... _ 66, 053 
Wolverine ....... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 457 
Nonesuch . ...................................................... . 46,454 
ilii;i~~:: ::: :::::::::::::::::::::::::::: :::::::::::: :::: :::::: i;: ii& 
Minnesota . ..... . ..•........•...•..................... _.......... 10, 672 
.Belt mines ..... .. .... ..... ........ _ ................... _ ....... _.. 5, 720 
Shelden-Columbian.......... . ... .. ...... ..•... .... .. . ........ .. . 3,300 











































3,582 .••.•• ·•·••• 
26,006 .••..• ---- • . 
6,226 ··•··· ------
16, 402 130, 851 
Adventure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429 . . . . . . . . . . . . . ...... _ . . .• 
P eninsula .. ... . ......... _ ................•................................... 
Tamarack . . _ ........................•.........•................... . -........ . 





Total.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 982, 765 59, 702, 404 69, 188, 633 
The :figures for 1884 are official estimates. A few small mines have 
not reported, but their product is not likely to affect the general result 
to the extent of 60,000 pounds. Estimating their product at about that 
figure, we reach a total, in round numbers, of 69,250,000 pounds. 
Total copper product-ion in the United States in 1882, 1883, and 1884. 
Source. 1882. 1883. 1884. 
Pounds. Pounds. Pounds. 
Lake Superior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 982, 765 59, 702, 404 69, 250, 000 
.Arizona -.. --. -... -.. - ......... -... -........ -. . . . . . . . . . . . . . . 17, 984,415 23, 874, 963 26, 734, 345 
Montana . -... -........... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 058, 284 24, 664, 346 40, 612, 783 
New Mexico............................................... 869,498 823,511 59,450 
California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 826, 695 1, 600, 862 876, 166 
Colorado -. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • • . . . . . . . . . . . . . . 1, 494, 000 1, 152, 652 2, 013, 125 
Utah .. -. .. . ... .. ....... ...... ........ ... .. . . . . .. ... . . .. . ... 605,880 341,885 265,526 
~'!t :::)): :: i ::::::::;; :;;;::: ::: ::;;;):; \\: :;: . -----il;~ !: ----:!t f:[ --------:it iE 
Maine and New Hampshire................................ 290,000 212,124 249,018 
Vermont ... - . . . .. ... . ... .. . . . . . ... . . . .. ... . . . . . .. . ... .. .... 1,265,000 400,000 655,405 
Southern States........................................... . 400,000 395 175 317,711 
Mid_dle ~tates . .............. ... . . . . . . . . . . . . . . •• . .. . .. . . .. .. . .. . . . . . . . . 64; 400 2, 114 
Desilver1zers, etc . - - . . . . . . . . . . . . . . • . . . . . . . • • . . . . . . . . . . . . . . . 125, 000 782, 880 950, 870 
Tot.al domestic copper . . . . . . • . . . • . . . . . •. . . . . . . . . . . . . . 90,646, 232 115,526,053 142,363, 180 
From imported pyrites.... ... ...................... . ....... 1,000,000 1,625,742 2,858,754 
Total, including copper from imported pyrites....... 91,646,232 117,151,795 145, 221, 934 
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The difficulties of arriving at an accurate estimate of the production 
in the western States and Territories have been largely increased by 
special circumstances. There has been a far greater alacrity in making· 
full returns, but notably in the case of Montana producsrs they are 
not quite as definite as might be desired, though it must be conceded 
that often it is difficult for shippers of ore and matte to give a close 
estimate of the copper contents of the ore or furnace products sold by 
them. A valuable check upon the direct returns has been obtained 
through ·the courtesy of all the refineries, _ with the exception of one UD· 
important works. 
Since a very large proportion of the total product was marketed 
abroad in a crude or partly-worked shape, it is practically impossible 
to make any trustworthy estimate of its value, especially as the pay-
ments made for argentiferous material abroad do not specify how much 
is returned for the one and for the other metal. 
It should be noted, in connection with the figures given in this table 
of production, that a large part of the California, Nevada, and Colorado 
product, and the greater part of the quantity returned by desilverizers 
is used for the manufacture of bluestone. 
It may be of interest to state that out of the whole domestic product 
of 1883 of 115,5~6,053 pounds of copper, no less than 92,500,000 pounds 
were converted into ingot copper in this country; and that in 1884 the 
quantity was 108,250,000 pounds out of a total product of 142,363,180 
pounds, the decline in the percentage of the total treated in home works 
being due to larger shipments of ore and furnace material to foreign 
countries. 
Re.fineries.-The business of copper refining bas been practically con-
centrated in the bands of three concerns, for metal produced in districts 
outside of Lake Superior. These works are : Pope, Cole & Co., of Bal-
timore, Maryland; the Orford Sulphur and Copper Company, New 
York; and the Ansonia Brass and Copper Company, Ansonia, Connec-
ticut. Some refining is also done by the New J e!'sey Extraction Com-
pany, Elizabethport, New Jersey; the Revere Copper Company, Bos-
ton, Ma . achusetts ; Taunton Copper Manufacturing Company, Taun-
ton, Mas ·achusetts; and the Harris Copper Company, Sainte Gene-
vieve, Mi' ouri. Messrs. Balbach & Son, of Newark, New Jersey, have 
during the latter part of 1884 begun to refine argentiferous Montana 
matte by the electrolytic process which they have for some time 
had in n e iu parting bullion. They convert the matte into blister 
copper, or work the bli ter made by the Manhes process. The copper 
i ol l largely for export iu the form in w hicb it is stripped from the 
plate·, cut into conveni nt shape to suit the views of customers. 
Early in 1 85 the Saint Loni' m lting and Refining Company at Ohel-
t nb m, l\li ·ouri, lra. al O b gun t deposit coppe1 electrolytically. 
The Orford O pper an Sulphur Company is regularly working ar-
g ntiti•rou materi 1, and Pope, Cole & o., of Baltimore, also extract 
ilv•r. 
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THE CCPPER DISTRICTS OF THE UNITED STATES. 
· Lake Superior.-During the years 1883 and 1884 there have brnn com-
paratively few new developments in the Lake mines. New companies, 
reworking old mines like the Peninsula, the Belt, and othefs, have 
either entered the lists of producers or have made preparations for out-
put. A good many of them have been seriously crippled by the unprec-
edented decline of the metal, which ptherwise might have started in 
their career with fair promise of success. A number of the small mines 
have already or will in the near future cease operations, and the ten-
dency appears necessarily to be toward the restriction of the make to 
a comparatively small number of large mines. Copper mining on the 
lake, reviewing the history of all the old and new mines, has been far 
from being as remunerative as is generally believed. It is t,rue that the 
acquirement of the knowledge of the standard methods now in general 
use has borne a goodly share of the losses, and that many mines aban-
doned nearly a gen.eration since as incapable of yielding profits would 
be to-day properties paying regular dividends. But the experience of 
the past few years is well calculated to discourage, for a time at least, 
the investment of the very heavy amounts of capital needed, and the 
Lake region must look to its growth as the leading copper-producing 
section in the country rather to an extension of the operations of the 
mines now working at a profit or at least at only a slight loss. The fol-
lowing table, giving the coat of production of the principal mines in the 
years 1875, 1881, 1882, and 1883, will furnish some means of gauging 
the capacity to meet the market and of tracing the result of the efforts 
to reduce the cost. No figures are available upon which it would be 
possible to base any authoritative estimate concerning the cost price 
per pound of the Calumet and Hecla mine; but it may be stated that 
it is certainly lower, excluding construction account, than that of any 
mine in the list. 
Cost of production of Lake copper, per pound. 
Prounction (in Cost of production (in cents per Yield (per cent.). pounds). pound). 
Mine'i. 
1883. 1882. 1884. 1883. 1882. 1881. 1875. 1884. 1883. 18e2. 1881. 1875. 
--------- - ------
Quincy . .. 6, 012, 239 5, 665,796 8. 63 9. 00 9. 55 10. 03 15. 70 2. 70 2. 86 3. 21 2. 62 ------Osceola . . . 4-, 256,409 4-, 176, 782 11. 24 12. 21 12. 97 1. 17 1. 21 ... 1. 29 .... .. ... 
A tlan tic . . 2, 682, 197 2,631,708 10. 88 12. 56 13. 80 13. 68 22. 12 . 75 • 68 . 69 • 72 . 78 
Central ... 1,268,556 1, 353,597 -- ---- 15. 4 14. 76 14-. 24 15. 81 1. 90 2. 20 1. 58 2.65 
Allouez ... J , 751, 377 1,683,557 13. 46 15. 98 17. 38 19. 32 · ------ . 85 . 86 . 85 . 95 ...... . . 
F ran klin . 3,489,308 3,264,120 11. 62 12. 96 13. 00 ---- --- 1.45 1. 38 1.10 -- ---- ....... .. . 
P ewabic . . 1, 171,847 1,482, 6G6 -- ----- 21. 47 17. 00 16. 36 ........... ----- · 1.01 1.00 l. 38 . .... .... 
It will be observed, therefore, that where the conditions affectiug the 
mines remained fairly uniform, there has been a marked lowering of the 
cost of production at the Lake Superior mines during the year 1884. 
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This is the result not alone of a scaling down in wages of about 10 per 
cent., but also by the exercise of the greatest economy in all depar~-
ments, and of lower prices of supplies, particularly the explosives used. 
Special efforts have been made in a great many mines to distribute 
fixed charges over a larger product, by increasing power-drilling and 
crushing plant. The most extensive work in this direction has been done 
by the Calumet and Hecla Mining Company, which is now on the eve 
of the completion of its enormous hoisting and crushing plant. At 
the mine the entire system of machinery has been so arranged that 
every motor is practically duplicated to prevent any stoppages. The 
old mine is opened out, with ground blocked out for years to come, and 
the vein bas been opened to considerable depth .at the south end, where 
practically a uew mine has been developed. At the stamp mill Leavitt 
heads, which admit of a large saving of fuel and an increased capacity, 
have replaced the Ball stamps, and the mill will during the current year 
be in a position to crush daily, with ten Leavitt stamps and two in re-
serve, fuily 2,250 tons of rock, equivalent to an annual output of 30,000 
tons of ingot. Had it not been for the 'breaking out of the fire in Oc-
tober, which caused a falling off of the product of about 700 tons, the 
output would have been 41,300,000 pounds of ingot. At the present 
rate of nearly 100 tons of mineral per day, next year's yield would be 
23,000 ton of ingot, which will, however, be increased as the new equip-
ment hecomes available for steady work. The Osceola company bas 
has added a fourth stamp; the Allouez, one Ball bead; the Atlantic a 
fifth Ball bead, capable of crushing 180 tons per day, and the Huron a 
second bead. The Peninsula company, one of the mines which has en-
tered the ran ks of the larger producers, has two Ball stamps, t,lle Con-
glomerate has three Ball beads, while the Tamarack, a 1iew mine opening 
the Calumet and Hecla conglomerate at greater depth, has ouly recently 
sele ·ted a. ~ite for it ' mill. .As yet it is impo sible to judge whether all 
of thi · new equipment will be made to do duty, but the combined ad-
ditional product of the large companies will probably outstrip the total 
falling off due to the clo ing of the weaker mines. 
How normous it:i the investment of capital needed for the equip-
ment of a Lake Superior copper mine, crushing rock carrying less than 
1 per cent. of the metal, i trikingly illustrated by the report for the 
y ar 1 , of tbe Conglomerate Mining Company. In the three years 
1 1, 1 2, and 1 83 the company spent $1,288,753.73, or deducting sun-
<lr credit , copper old and on hand, $961,73,.0G. All but $381,446.02 
of thi amount i for ruachi,,ery, plant, railroad, and surface equipment, 
in luding 43,072.51 for au a1r cumpre. or, $145,685.17 for a railroad 
7.6 mil long t th mill, $1 2,047.32 for a new mill, and $44,411.41 for 
a hoi ting ngin . The cru bing capacity of the 3- ·tamp mill may be 
e timated at about 1 O, 0 ton p r annum, equivaleut, with a fair grade 
fr ·k, t yiel of about 1, O, 00 p und of ingot. Mr. Henry C. 
Davi , pr id nt of th onglomerate Mining Company, ha submitted 
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a highly interesting statement giving in detail the cost in 1884, per ton 
of rock stamped. The figures which are given below would have been 
materially lower if the cost had been based on the quantity of rock . 
broken. 
Cost per ton of rock stamped, Conglornerate mine, 1884. 
Mine cost . . ...... . .... -......... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $0. 7299 
Compressor cost . ..... .. .................•• ... . - .................. ·· . . · -· ····· · . ... ·· 0. 0423 
Pumping.... . ........................ . .............................. . ............. .. . O. 0101 
Hoisting...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 0. 0731 
Total mining cost, delivered on surface ... ...... ... ..... .. . .......... .. ........ . ......... $0. 8554 
Handling in shaft houses ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . O. 0283 
Transportation to rock house... .. .............................. .. ........... ....... .. O. 0217 
Breaking in rock house............................... .... ... . ........... ........... . 0. 1084 
Transportation to stamp mill and maintenance of 7 miles of railroad................. 0. 0626 
TotaJ handling between mine and stamp mill .................................. - ...... - . . O. 2210 
Stamping and dressing ... ..................................... . ................... -. . . . . . . . . . . 0. 4170 
General surface expenses ............ _ ...... ... ............................ -- . . . . . . . . . O. 0366 
Office and general expenses . .. . ... _ .............. . _. __ ................. .... . - -...... -. 0. 0525 
Superintendence and general expenses ................. . .............. ... .............. - ... - . . 0. 0891 
Total cost .......... ... ... :.···-·-·---·· ............ ········-· .......................... .. 1. 5825 
These figures represent the average for the whole year, stamping 
120,~44 tons, from which 1,682,080 pounds of mineral or 11152,224 pounds 
of ingot were produced. The cost has, however, been considerably re-
duced during the year. It was $2.139 per ton of rock stamped in Jan· 
nary, $1.918 in March, $1.477 in June, $1.274 in September, and $1.258 
in October. These figures are of great interest, as showing what a 
modern plant can do working on conglomerate rock, reaching figures 
that compare favorably with miues working on amygdaloid; especially 
since only two of the three stamps were crushing, on an avera.ge. The 
grade of the rock crushed by the Conglomerate appears to have been 
very low,. 0.476 per cent. of ingot, and t,he mill is now shut clown, only 
a small force being kept sinking to test the grouud iu depth. 
The result of an increase in capacity is clearly illustrated by the 
figures published in the report for 1884 of the Allouez Mining Company. 
During the first nine months of the year, while working two heads of 
stamps, the expenses per poun<l. of refined copper were 15.54 cents. Du-
ring the last three months ~ith three heads of stamps they declined to 
12.43 cents. 
The difference betwP-en the cost of all.rail transportation of Lake 
copper, as compared to the rates of water, while lake navigation is 
open, is not as great now as it was at one time. It is now $6 per ton 
during the summer and $11.50 during the winter, so that in the case of 
scarcity in winter the 1mpplies at the refineries could be drawn upo:u as 
soon as an advance of one.quarter of 1 cent had taken place. The mar-
gin for a speculative profit by concentrating Lake copper in a few hands 
while lake navigation is closed is not therefore as wide as it was in 
former times, when advantage was repeatedly taken of it. The charge 
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for smelting mineral is $13 per ton, and tha:t for working slags about $9 
per ton-charges against which there has been some agitation. 
Taking into account the fact that many of the means of economy 
practiced have only told during a part of the year 1884, and that more 
of them will come into play only in 1885, it may be stated that the 
leading Lake mines have proved their. ability to meet the markets of 
the world and of their competitors in this country. Unless policy 
dictates a curtailment, of which there is little prospect, the quantity 
produced will rather show an increase than a decline . 
.Arizona.(a)-There have been many changes in the list, notably of the, 
smaller copper mines of Arizona. In the Bisbee district the Copper 
Queen has remained the only producer, the Copper Prince shipping only 
high grade ore, while the Holbrook and Atlanta mines are being opened 
up with good prospects. In the Globe district, the Tacoma, Long Island, 
and others closed down in 1883, and the Old Dominion company was 
the only one which, favored by the discovery of a large body of high 
grade ore, was able to stand the strain of low prices of copper and high 
cost of fuel and transportation. Clifton, where the Detroit and Arizona 
companies are working, has more than held its own and has the ad-
vantage over the other districts of having railroad connections. The 
Detroit company, managed with ability, has remodeled its smelting 
works, putting them up at the mines to avoid hauling the ore 7 miles, 
and has provided a pump and pipe line to force water from the San 
Francisco river to the smelter, a distance of 31,000 feet and an eleva-
tion of 1,500 feet. All the mines are connected with the smelting works 
by a 20-inch tramway, the ore yielding in the furnaces, inclusive of the 
low grade iron for flux, 12.5 per cent. The Arizona Copper Company. 
limited, has also built a new extensive plant, and completed the rail-
road to Lordsburg, but the mines have not been able to supply the 
melter to its excessive capacity with sufficiently high grade ore, and 
the company, a Scotch concern. has labored constantly with financial 
difficultie . 
Mr. Carl Henrich, M. E., who has studied the Clifton district, pro 
te t again t the application to thi district of the verdict given gen· 
erally in regard to deposits of oxidized ores in limestone, that they 
are pockety and liable to exhaustion at ariy time. He states that the 
opper depo it of the Clifton district occur either directly at the con-
tact of porphyry and lime tone, orin very close proximity to the contact. 
The or are cla ified a ferruginou , calcareous, and manganiferous 
and ilic u copp r ore . Thus far the bulk of the ore smelted has 
b long d to the fir t clas . The depo ·it have only been worked in a 
fi w in tanc in a r tematic mann r, and have been found per istent, 
and th large nnm r of good pro p cts ncourage the belief that o 
f r a th or upply i concerned the district will rank as a leading 
a e also the pa.per by Mr. Jame Douglas, jr., on ' ' The Cupola Smelting of Copper 
in Arizona," in this volume. 
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producer for m9.ny years to come. The mines are very dry, and w~th 
Mexican labor receiving $2 per day and white miners $3, the .cost of 
mining, deadwork, and hauling to smelter when reasonably near the 
mines, is estimated at $4.50 per ton. Coke costs $40 per ton, including 
$12.50 for waste in transportation from San Francisco to smelter. With 
a modern 14-tuyere furnace, such as that designed -and built by Mr. 
Henrich for the Detroit company, 7½ tons of ore are smelted per ton of 
coke; putting through 80 tons per day, the total cost of smelting is $7 .20. 
On.the basis of these figures, Mr. Henrich estimates the cost of laying 
down copper in New York, refined, at 10.15 cents for a 9 per cent. ore, 
9.44 cents for a 10 per cent. ore, 7 .84 cents for a 12 per cent. ore, and 
7 .14 cents for a 15 per cent. ore. With a smelter like those generally 
used in Arizona, having a capacity of 35 tons per day, the cost, including 
a necessarily higher outlay per ton for mining due to smaller production, 
would be per pound of refined copper laid down in New York, 11.5 
cents for 9 per cent. ore, 10.64 cents for 10 per cent. ore, 9.25 cents for 
12 per cent. ore, and 7.94 cents for 15 per cent. ore, the allowance for 
freight and refining being in all cases 2½ cents per pound, which appea1·s 
ample. Although these figures have not been reached in practice, they 
indicate that, with careful management, the Ulifton mines are in a posi-
tion to compete at present and even at lower prices. 
Turning to the Bisbee district, we have as the leading representative 
the Copper Queen Mining Company, which has remained the most profit-
able copper enterprise in the West during the years 1883 and 1884-. 
According to the annual report of the company for the fiscal year end-
ing April 1, 1884, the mine produced during that period 33,961 tons of 
ore, 33,941 tons of ore being smelted with a consumption of 6,383 tons 
of coke and 3,617 cords of wood for steam raising. The ore averaged 
11.26 per cent. of black copper, the total product of black copper being 
7,647,488 pounds, averaging 96.3 per cent. fine. The actual sales of 
black copper and of ingot during the fiscal year footed up to $1,297,565.63. 
The net value of the bullion produced at New York was $1,033,045.62, 
from which _are deducted $690,099.55 for operating expenses, freights, 
refining, and administration, leaving a net profit of $342,946.07. As 
the dividends aggregated $450,000, the surplus of $267,028.51 on the 
1st of April, 1883, was reduced to $159,974.58 on April 1, 1884. On the 
basis of these figures the cost per pound of ingot copper laid down in 
New York is 9.40 cents. Since then wages have been reduced, and 
the cost price has probably declined further. 
The Atlanta, a mine adjoining the Copper Queen, has during the 
past few years opened very large bodies of ore and promises to become 
an important factor. The Copper Prince, another mine near t,he Cop-
·per Queen, has shipped considerable very high grade ore during 1884, 
and has accumulated reserves of lower grade ores during development 
work. 
In the Globe district the· only company now at work is the Old Do-
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minion Copper Mining Company, which opened out a large body of ore 
in th~ Old Globe mine acquired by it, and produced a heavy amount of 
copper in 1884. During that years 2,3'36 tons of ore were smelted, which 
yielded 15.83 per cent. of copper, the ore averaging during that year 
17.33 per cent. This high grade has more than compensated for the 
heavy expense of carrying the coke and supplies to Globe and taking 
back the metal, a.nd has enabled the company to produce at a profit, 
even at the lowest prices touched. The other concerns in the district, 
the Long Island, Tacoma, and others, stopped work early in the year. 
The Peabody, acquired by the Cochise Copper Company, in May, 
1883, continued working until March, 1884, when the works were shut 
down on account of the low price of copper. The works produced con-
siderable black copper and some matte. 
The Copper Mountain mines consolidated in October, 1884, with the 
Hartford Copper Company, and the new corporation resumed work on 
its ruines in November. A number of other enterprises were checked in 
their early stages b_y the fall in the price of copper, the furnaces either 
being only partially erected or run only for periods varying from a few 
days to a month. In some iustances the plants have been di. mantled 
and sold. On the other hand new prodncers have entered the Ii, t dur-
ing the past two years, the most promiueut of th m bdng the United 
Verde, of Jerome, Yavapai county, 30 mile, northea t of Pre cott, which 
in 1883 and 1884 paid out $97,500 in divi<leuds. It i the only producer 
of argentiferous copper in Arizona, an<.l is r ported a having large 
reserves in sight. A second furnace bas been built, but melting op-
erations have been u ·pend d on accouut of the low price of c pper 
and in anticipation of re ilroacl conn ction , which it i hop d will be 
available in July, 1885. Very large quantiti s of ilv r are at times 
contained in the black copper and th matte. Anotb r new enter-
pri e is the Ca a Grand Copp r Company, which i ituated in the 
Ca a Grande di trict, 40 mil outhwe t f the r ilroad. Tb mine 
has been opened to a d 1 th of 200 -£ t, the or b ing oxid nd car-
bonates, averaging 12 per cent. Two furnac hav b n er cted, 
only one of which ha b a runnmg, owing to a 1 ck f w t r, until 
November. Lat ly the pr dnction ha be n u p n h lack of 
a nl the paper by Dr. E. 
of Butte City, Moot 00.1 ' in bi 
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market by the Anaconda mine, the figures of other important shippers 
being known. A check upon them, of some value, was furnished by 
the statement of the exports of this country, although it does not specify 
the quantities of matte sent abroad. Then, on the other hand, the re-
turns of American refiners of copper giving the quantity of fine copper 
produced from Montana material was of great service. The quantities 
thus arrived at are lower than those indicated 1,y the estimates of re-
ceipts of fine copper from Apierican ores in England. It is believed, 
howeyer, that the latter include Mexican ores, chiefly from Lower Cali-
fornia, shipped from San Francisco. A matter which makes all such 
estimates precarious is the fact that the grade of the shipping ore varies 
within wide limits. It must be noted, however, that one shipper reports 
that 11,000 tons sent abroad thL'Ough him averaged 25 per cent. of cop-
per, which is considerably lower than the general average assumed. 
Under the circumstances the production reported is as close an estimate 
as a cautious and thorough examination of the facts available could 
make it. It is unfortunate that important interests should refuse data 
especially at a time when an excitement produced by exaggerated re-
ports bas done much to unsettle values. Uncertainty in such contin-
gencies is ·worse than the truth, even· if the latter presents an unex-
pectedly unfavorable state of affairs. 
As for the immediate future of the copper production of Montana 
one important fact must not be left out of consideration. The heavy 
shipments of rich ores may be expected to decline very rapidly and it,s 
output will henceforth depend more upon the quantities of matte pro-
duced at local smelting works by the treatment of low-grade ores previ-
ously concentrated. It becomes therefore more a matter of the capacity 
of the works. Most of them have been enlarged during 1884, and the 
Jargest has not yet, at the close of the year, worked long enough to al-
low of anything but approximations of its possible maximum output. 
This undoubtedly is very heavy,_ but it remains to be seen whether the 
estimates made can be accomplished in actual work. If the plants now 
in operation can be run continuously with ores of the same grade as 
that liitherto treated, the record of 1884 will be outstripped. 
An opiuion which has been gaining ground is that all of the Butte 
ores carry paying quantities of silver. If correct, this would put the 
district into a much more favorable position than it really is. Such is 
not the case, however. On the contrary, indications point in the other 
direction; that, in reality, a smaller proportion of the ore is sufficiently 
silver-bearing to carry the matte produced within the limits of profitable 
extraction. Some data as to the silver contents of mattes has been fur-
nished, but they are not complete enough to allow of the presentation 
of any specific figures. The question is one which influences the prices 
realized very considerably, ::tnd therefore affects the capacity of Butte 
copper mines to resist low prices. 
2MR--22 
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The other factors affecting the cost of production are cost of labor, 
fuel, and transportation. On the first point the following figures of 
wages may be submitted : Miners, $3.50 per day ; laborers, $3 per day; 
furnacemen, $4; foremen, $5 to $5.50 ; carpenters, $5 to $6; and ma-
sons, $6 to $8. Several attempts were made late in 1884 and during 
January, 1885, to force a lowering of wages, but unsuccessfully. Fuel 
was lowered during 1884, and coal is now purchased for $8 to $9 and 
coke for $16. Freights to Missouri points are about $20; to the Atlantic 
or Pacific, $23; and to Liverpool, $25 per ton, since reduced to $18. 
During 1884 considerable ore~ in all about 4,000 tons, was sent via San 
Francisco and Cape Horn to Europe. At current figures for labor, fuel, 
and freights, the. profit in concentrating and smelting copper ores car-
rying from 12 to 14 per cent., and little silver, is very small indeed; and 
it is reported that, in some ca.ses, there is an actual loss. Returns on 
the basis of 9 shillings per unit, in England, leave practically nothing 
for the miner in shipping ore runnfog 25 per cent. of copper. 
Technically, the Butte copper industry made considerable progress in 
1884. A matter which has attracted considerable attention has been 
the bessemerizing of copper matte at the Parrot works. It is reported 
that the concentration of the matte has been successful, that the elimi-
nation of the arsenic is almost perfect, but that, on the other hand, the 
losses of silver are heavy. 
In the beginning of December the Anaconda and Saint Lawrence min-
ers were sending to the concentrating works about300 tons of ore carry-
ing about 14 per cent. of copper, and were supplying the furnaces about 
100 tons per day of smelting ore averaging about 2~ per cent. of copper. 
The concentrates yielded, by working from 200 to 500 tons of 14 per 
cent.ore,30percent of copper, which goes to the roasting fnrnaces. The 
latter were putting through 10 tons per day, an excessive quantity, 
ince the sulphur contents remained as high as 12 to 14 per cent. 
The matting furnaces are rated at a capacity of 5 tons of matte per 
day, with a fuel con umption of 5 tons of coal per day. This would 
give the plant a capacity of 130 tons of matte per day, carrying about 
60 per cent. of copper and 18 ounce of ilver; but the furnaces were 
not kept running c.ontinuou ly, and during November and December 
they were turning out from 70 to 80 ton of matte per day. 
The Anaconda work con ·ist of a concentrator having 12 sets of rolls 
and 72 jig , the capacity of which wa rated at 500 tons, but which will 
no , wh nit g t into full running or<ler, exceed 400 tons per day of con-
centrating r-e. The melting plant include 26 calciners and 26 matting 
furnace : to which are being added 12 new hand roasting f~rnace . 
Ther ha een in <~ntemplation the rection of a new concentrating 
work qual in capacity to the one now running, but the last propo ition 
i t put in a large compound engine to a i t the pre ent water-power, 
and in tbi manner m ke the mo t of the plant. A new addition to the 
melting pl nt of 6 calciner i building. It is e timated that when 
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these contemplated extensions are completed in the course of the year, 
the plant will have a capacity of 160 tons of matte per day. How far 
these expectations will be realized remains to be seen. It is urged that 
the railroad facilities of the works are not equal to hauling the enormous 
amount of ore which such a product would represent. On the other 
hand the plant has thus far been at work only three months in 1884, and 
it is impossible at this time to judge from its record what its achieve-
ments will be when the entire working is systematized. It is estimated 
by persons well qualified to judge that even when strained to full ca-
pacity the Anaconda will not in 1885 turn out more than 28,000 to 30,000 
tons of matte, equivalent to about 25,000,000 to 36,000,000 pounds of 
fine copper. 
It is just to state in this connection that the above data are not offi-
cial. They have been gathered from.various sources and are presented 
in the absence of official statements as the best information available. 
Since the Anaconda works were built they have been very much im-
proved and are now pronounced by leading metallurgists to be fully up 
to the best practice. The mine has become so great a factor in the po-
sition of the copper supply that as close an approximation as possible 
to an estimate of its capacity is so important that such details as are 
available should be presented. The mine itself is generally pronounced 
an exceptional one, and it is believed that with the best machinery and 
plant it is good for a much larger yield than 600 tons daily for a number 
of years. The investment in development and equipment has been 
very large, and so far as the latter is concerned has not at first come up 
to expectations. Good authorities place the limit of cost, at the prices 
of labor ·and fuel at the close of 1884, at about 7¾ to 8 cents, below which 
only reductions in the items mentioned can force it. 
The Montana Copper Company has made large developments in the 
East and West Colusa and in the Original Parrot mines. The plant 
has been enlarged during I 884, and now consists of two concentrating 
mills, each with a capacity of 75 tons of ore per day, one being used for 
the Parrot ores and the other for the argentiforous Colusa ores. The 
smelting works have twelve reYerberatory calcining furnaces, six rever-
beratory matting furnaces, each capable of turning out 2 tons of fine cop-
per daily, and one blast furnace for ferruginous ores, which produces 4 
tons of fine copper daily. The policy followed during the year 1884 has 
been to extract those ores.carrying larger quantities of silver, leaving 
those lower in silver though high in copper untouched, with a view to 
overcoming the low price of copper with the aid of the silver. In the 
future more copper ore lower in silver will be extracted, and the output 
of the works will be increased accordingly. In 1884 the matte aver-
aged about 44 ounces of silver per ton of fine copper. 
The Parrot Silver and Copper Company has two concentrating plants, 
one of 100 tons and the other of 250 tons daily capacity. It has an 
older plant of six calciners, capable of roasting daily 8 tons per furnace, 
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and six new calciners, each 64 feet long and 13 feet wide, which work 
11 tons per day each, with a consumption of wood of 2 cords per tweuty-
four hours. It has an older matting plant of six reverbe~atory furnaces 
with a daily capacity of treating 16 tons of ore per day, and a new plant, 
consisting of an 80-ton blast furnace provided with a large well from 
which the molten matte is tapped directly into a Manhes converter, 
which has been in successful operation during the last months of the 
year making blister copper free from arsenic from a rich matte, at the 
expense, however, of heavy losses of silver. The ore has not been run-
ning up to average, owing to the fact that a different system of stoping 
has been adopted. The matte carries on an average 30 ounces of silver 
per ton. 
The Ramsdell-Parrot mine has shipped considerable ore to local 
smelters, which it is reported averaged about 20 per ~ent. of copper and 
16 ounces of silver. It has recently improved its hoisting facilities. 
The Bell company has a plant capable of treating 20 tons of 16 per 
cent. ore daily, making 55 per cent. matte, equivalent to 1,000 tons of 
copper per annum. 
The Clark's Oolusa has recently started a small concentrating plant 
and has a blast furnace on the ground. No data as to its capacity are 
at hand, and information concerning its output has been declined. 
The works of the Colorado and Montana company treat ores partic-
ularly rich in silver, making a high-grade matte which is shipped to 
the Argo works of the Boston and Colorado smelting company. The 
quantity of copper made is comparatively small, and goes into other 
channel than the bulk of the Montana product. 
New Mexico.-The low prices of copper have caused the cessation of 
almo tall work. The most important mine is the Santa Rita, which 
ha produc u con iderable quantities of very pure native copper in the 
pa t, and i fully equipped to begin work as soon as values recover. 
0th r properties, notably the San Pedro, have been tied up by litiga-
tion. · 
Oalifornia.-The principal producer in this State is the San Francisco 
Copper Mining Company, whose mines are at Spenceville, Nevada 
county, for detail concerning the working of which I am indebted to Mr. 
John E. Elli . The or , of which about 75 per cent. has been extracted 
from an open cut and the remainder from the 150-foot level immediately 
b low it, i a cupriferou pyrites, containing on an average 3½ per cent. 
of c pp r, 46.5 per cent. of ulphur, and 42.8 per cent. of iron, the balance 
being i1i a and trace f zinc and gold. In 1884 tbe quantity of ore 
hoi d wa mailer th n u ual, being about 11,481 ton , ince a con ider-
abl am unt on fir in pil wa oarri d over at the beginning of the 
year, and a great d 1 f d ad work wa , done in opening th lower level 
wbi hi now in h pe to produce regularly. From July to October. 
h in lu iv , th pr cipita ing works wer rebuilt. After roasting in 
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open heaps, the ore- is leached in 40 wooden tanks 8 by 8 by 4 feet, the 
water being heated by steam. The resulting solution is run into large 
settling vats, where the percolations of the ·dump pile also accumulate, 
and from whence it is pumped into four revolving cylinders, 16 feet by 
6 feet in diameter, which are charg.ed with scrap i.ron for precipitation. 
1Vlr. Ellis states that mining in the· open quar:ry, including hand breaking 
of ore and conveying to open heaps, costs on an average 35 cents per ton, 
and underground mining 90 cents to $1 per ton. The labore~ployed con-
sists of four engineers, at $3 per day; two cylinder men, at $2.50; one 
blacksmith, at $3.50_; one helper, at $2; one carpenter, at $3.50; six 
miners, at $3 per day; one man at leaching tanks, at $2.50; a foreman 
for the Chinese labor at the open heaps, at $3; one laborer for sacking 
precipitate, at$~; one teamster at $2, and thirty-five Chinese laborers, 
at $1.20 per day. The monthly fuel consumption averages 150 cords of 
woo<l, costing $4: per cord. Running altogether eight months in 1884, 
the works turned out 652,110 pounds of precipitate, averaging 81.6 per 
cent. of copper, equal to 532,121 tons fine. The bulk of it, about 35 tons 
per month, is disposed of on the Pacific coast for conversion into blue-
stone for the silver mills, the balance being shipped to eastern refining 
works . 
.A. small quantity of cement copper has also been made at the Campo 
Seco, Quail Hill, and Napoleon mines,. and at the Stella mine, Silver 
creek, Alpine county, which belongs to the Isabelle Gold and Silver 
Mining Company, limited, of London, England, and which produces 
at the same time some silver and gold. 
Oolorado.-Tbe bulk of the copper produced in Colorado is obtained 
as a by-product in smelting, notably the argentiferous and auriferous 
ores of Gilpin and Clear Creek counties an<l the San Juan region, the 
copper acting as a carrier of the precious metals. The bulk of the ore 
is treatecl at the works of the Boston and Colorado Smelting· Company. 
At the same time ores from other States and Territories are treated. 
Care bas been taken to credit the quantities thus apparently originating 
in Colorado to its true source. A good deal of the product is exported, 
an <l the bulk of the balance is sold to manufacturers of bluestone, so 
that the amount of ingot copper refined at American works and des-
tined for the American market is comparatively small. As the cop-
per~ till con ta.ins considerable quantities of silver and gold, and is, be-
"' ides, coutaminated with tellurium, arsenic, antimony, and bismuth, 
it is not likely to be diverted from its present channels, unless the 
metallurgical methods undergo some change. 
Considerable ore has been taken out of the Sedalia mine, at Salida, 
in the course of development work, which it is reported carries about 
13 per cent. of copper. A small quantity was smelted during the year 
at Canon City, where the Rocky Mountain Mine Developing Company 
ha~ made a short campaign. 
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Utah.-The principal mine (the Crismon Mammoth) has been closed 
by litigation, and now only small quantities of ore are shipped to Colo-
rado. A small smelter has been erected at Saint George during the 
year 1884. 
Wyoming.-The copper resources of Wyoming have been claimed to be 
very extensive, a very large area having been prospected with encour-
aging results. The leading producer has been the Wyoming Copper 
Company, which has smelted in a 40-ton water jacket about 4,200 tons 
of carbonates and oxide from the Sunrise mines. This ore, which has 
averaged . about 15 per cent., has iron oxide as the chief gangue, so 
that it is self-fluxing. The copper, which at one time reached the New 
York market in considerable qt;1.antity, was pronounced to be of good 
grade. Smelting was stopped after four months' run on account of the 
drop in the price of copper, the absence of railroad facilities making it im-
possible to meet the market. Being a hundred miles from the railroad, 
the coke cost, laid down at furnace, about $37 per ton, and the expense 
of hauling prod1;1ct was correspondingly large. Even with so heavy an 
expenditure for fuel the total cost per pound of copper at the smelter is 
put at 8~ cents, equivalent to 11~ cents marketed as ingot. Tht .. Sioux 
City and Pacific Railroad is now building toward the region in which 
the copper district is located,and, with proper facilities,alower grade of 
ore can be worked at a lower cost. The district is, therefore, one that 
bolds out a promise for the future. 
Nevada.-The production has been limited, and the shipments of ore 
from Battle Mountain to England have ceased early in 1884. 
Idaho.-Aside from mall quantities of copper contained in gold and 
ilver ore treated at ucb works as the Boston and Colorado Smelting 
Company, at Argo, Idaho has thus far produced no copper. Toward 
tbe clo e of November a smelting furnace was started in connection 
witll copper mine at Houston, Big Lost river. 
Missouri.-At the Genevieve copper mines continued work bas been 
<lone during the pa t two year . On January 1, 1884, the Harris Cop-
per Company l a ed the work to Messrs. Potter & Nicholson, who 
have worked only ore coming from the Cornwall mines, no refining of 
bar8 having been done by them. Work has stopped, and the establish-
m nt is for sale. 
Texas.- ome attention has been given during 1883 and 1884 to the 
opper d po it of Texa . Mr. W. H. Streeruwitz, M. E., of Houston, 
:tat" that tho· of Llano county are b t known and best defined by 
out ·r p . Th ·opp r min ral are found there a jmpregnations in 
anit and a v in with quartz gungue in granite, and are generally 
car onat , the r ult f 1mrface deeompo ition, and at greater depth 
ar u1pharet nd gra • c pper gen rally carrying gold and silver. 
ntact dep it tw en cry talline lates and granite are also known. 
Th co p r utcrop re clearly de.fin d north of tbe Llano river 
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on the headwaters of Pecan, Babyhead, Little Llano, and San Fer-
nando creeks. There are also copper outcrops in the northwestern 
corner of Llano county, running into Mason county, though they ap-
pear to carry only smaller quantities of the precious metal,. Some of 
the Llano county veins may be traced over to San Saba county, and 
traces of old Spanish diggings show that at least attempts at working 
were made in spite of hostile Indians. Mr. Streeruwitz judges from 
samples said to have come from that quarter that pyritic ores prevail. 
He expresses the opinion that copper may be found in parts of the 
whole granite and crystalline slate belt which extends through parts 
of the counties of Burnet, Blanco, San Saba, Mason, Gillespie, and 
Menard. 
_ A second group of copper deposits has been discovered nearly due 
north of the former, in the district embraced by Stonewall, Haskell, 
Baylor, Archer, and Wichita counties, south of the Indian Territory, 
Mr. E.T. Dumble, chemist and geologist, of Houston, pronounces it Per-
mian. Mr. Streeruwitz states that the ore, carbonate, and pseudo-
morphous copper glance is found loosely distributed in a bluish gray 
clay. He adds that the ores seem to be washed down from the "¥7ichita 
range. Large masses, weighing as much as 2 tons, have been found, 
but no vein has as yet been exposed. 
The third field is in southwestern Texas, on the eastern slope of the 
Chinate mountains, near Fort Davis, and in the ranges between the 
latter point and New Mexico. 
Very little systematic and well directed prospecting has as yet been 
done in TexaR, and all but the few operations in charge of competent 
persons have failed disastrously. There are now, however, under way 
two or three well con<lucted enterprises, eo that it is possible that at no 
dist ant time Texas may begin to figure as one of the copper-producing 
States. The most prominent is the Great Belt Copper Company, a New 
York organization, of which General G. B. McClellan is president. A 
force of thirty men ·is now engaged in doing preliminary work, and 
smelting furnaces have been ordered. 
Dakota.-Thus far no copper has been produced in Dakota. The 
Gray Eagle Copper Mining and Smelting Company, however, is at work 
completing its smelter, which it is expected will blow in in May. 
Vermont.-The Ely mines, at one time heavy and steady producers, 
have turned out a little copper in 1883, but since the middle of that 
year have been closed down by litigation. The Elizabeth mines of 
South Strafford have been smelting, however, until recently, when all 
but mining and roasting was suspended. Only a part of the product 
reached the market. 
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IMPORTS. 
The imports of :fine copper contained in ores, and regulus and black 
copper, and of ingot copper, old copper, plates not rolled, rolled plates, 
sheathing metal, and manufactures not otherwise specified, and of 
brass, are given in the following tables: 
Fine copper contained in ores, and regul1ts and black copper imported and entered for CQ'll,-
swmptiott vn- the, Umted States, 1867 to 1884 inclusive. 
Fiscal years ending June 30-
Fine copper-contained Regulus and black 
m ores. copper. (a) Total 
Quantity. Value. 
PoWIIAls. 






















4-, 247 1,083 
1, 444, 239 279, 631 
28, 880 5, 397 I 
12, 518 2, 076 
8, 584 1, 613 I 
1,874 260 I 




























Copper imported and. enterecl Jo,· consuniption in the United States, 1867 to 1884 inclusive. 
I Bars, ingots, and 1 Old, flt 0-:; for ~e~ I Old, taken from I l!'i cal years pigs. manufacture. bottoms of Amari. Plates not rolled. 
ending June shipe.abroad.(b) 1 
30- - - -------__ _ _ _I ____ _ 
Qwu,tity. _:_~1~ -~antity. ! Vnlnc. 
1 
Quantity. I Vnlue. , Quantity. , Valne. 
~sf . . . . . . . . . . . r.~~~t53 $287, 831 p~;1~2 I $81, 930 I .. ~~~~~8: •. •• • ••••.•• ~~~~.~~· • • I •••..••• 
. . . .. . . .. . . . 61, 394 6, 935 a1s, 105 I 42, 052 . . . . . . . . . . . . . . .. . . . . .......... .. . .... . 
l 69 · · · ·. ·... 13,212 2, 143 200,780 34,820 .. . .... .. ... . .. .. ...... . .....•. , ....... . ~!!~L:::::::::: tm m 255,086
1 
31,9:ll ................... .......... .. ...... . 
l -2 ;!60, 63-i 45, 672 . . . . . . . . . . . . . . . . . . . . 430 $129 
I ••••••• •••• · 2,638,589 578. 965 1,14-l,]42 ]78,536 148,]92 33,770 
1873 · · · · · • · · · · · · 9,097,608 1,984,122 1,413, 0-lO 255, 711 3j, 307 $4,913 I 550,431 9i, 888 i 74 · • •• • · · • • • · 713,935 H4, 326 733, 3~6 I 137,087 9,500 930 . ... . . .. . . . . ...... . 
iJL::::::::::1
1 
5~:ii! . 10·2,!! ItU!~ ~i~, 1 tu~ tm J •••••• ~·.~~! ...... ~~ 
1 ;o::::::::::::
1 
2 st; ······3s2· }~g:~g iU~~ ··· ·· ii;ooo· U~t ·····21:014· ·--i~ 
1 0....... . . . . . 1, 242: 103 206, 121 685 255 1 91 214 120 11 
1 1 ... ..•... .. , 219,802 36,168 541.:074 6S:J83 ..... i.i:iiso· ··1,sw· 20 J 
i:··· ·········I 6,200 I 836 508,901 I 59,629 I 16,075 1 1,629 ................... . 
1884. . .......... · 1 · ......... 2. . . . . . . . . . . 330, 495 80, 166 9, 415 666 ............ . ••.... . 
• • • • • • • • • • • • • C 54 107 149, 701 12, 099 1. ... . . . . . . . . 5M ... ..........••..... 
b Not numerated until 1873. c Includes " plates not rolled." 
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Copper i11ip01·ttd and entered for consumption in the United States, tfc.-Continued. 
Plates rolled; sheets, pipes, Sheathing metal, in part 









1868 ····••···•· ·••··· ........•. 
1869 .......•.................•• . 
1870 .......•.•••.••......... . •.. 
1871. ......................... .. 
1872 .........•.•........••...... 
1873 ........•....•.••• ·········· 
1874 ................ . .......... . 
1875 ...........•.•.•.•...•...•• . 
l876 . .............•. ······ .. . .. . 
1877 ...... ······ ....... . ... . ... . 
1878 ............ ·•·•·· ......... . 
1879 . . . . . . . . .. . . . ........•.. . .. . 
1880 ...•...................... . 
1881. . ~. . . . . . . . . . .. . .. : ..•••... . 
1882...... . . .... 5,855 
1883...... ...... 2,842 

























































































Brass imported and entered J01· consumption in the United States, 1867 to 1884 inclusive. 
Old, fit only for re. Not other· Ba.rs and pigs. wise pro. manufacture. vided for. Total. 
Fiscal years ending .June 30- value. 
Quantity. Value. Quantity, ! Value. Value. 
-
Pounds. I-Pounds. 
1867 ·· ···· ··•··· ............. .... . . . ------ $3,099 $26,468 $170,873 $200,440 
1868 . ··· · ·· . ..... . ......•........ 31,104 2,071 120,913 11,699 181,114 194,883 
1869 ...... . ...... ····· .... . ...... 33,179 2,457 131,640 10, 83f< 198,310 211,605 
1870 ............................ 54,108 3,791 98,825 6,918 49,845 60,554 
1871. . . . . ... .. . .............. . ... 28,453 2,803 438, 085 - fl7, 922. 13, 659- 54,384 
1872 ............ . ... . ............ 17,963 1,664 829,964 73,098 23,738 98,500 
1873 ...... . ...................... 56,656 7,147 699,478 71,494 114,767 193,408 
1874 . .......•.............. ·••··· 253 19 682, 151 i 64,848 350,266 415, 133 
1875 ............................. 370,273 38,867 124,285 12,786 273,873 325,526 
1876 ------ ·-···· --------··-··-·· --- · ·--··· -- --- ····· · 618,191 54,771 232,870 287,641 1877 ........................•.... --· --- --- --- 689,633 59,402 207,642 267,044 
1878 . ... . .................. . . . ... ------ -- ·· ·· · · ···· 713,171 57,551 205,209 262,760 
1879 . ... . .............•.......... 950 49 485,354 32,278 232, 03-0 264,357 
1880 ....... . .•. ···•········ ...... . . . ......... . 958,590 75,093 339,131 414,224 
1881. ... . ....•..•.•.. ···--- ...... 85,370 11,202 1,615,402 151,541 331,506 494,249 
1882 ............................. 30,769 3,168 2,954', 148 263,891 400,477 668,136 
1883 .... . ........................ 6,380 559 1,015,345 84,786 485,321 570,666 
1884 ....................... ·-·-·· 1,611 445 508,928 40,766 429,224 470,435 
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EXPORTS. 
The wide fluctuations in the quantities of copper, copper ore, and 
manufactured copper exported for a series of years are exhibited in the 
following tables: 
Copper and copper ore of domestic production exported from the United States, 1864 to 1884 
inclUBive. 
[Cwta. are long hundredweights of 112 pounds.] 
Ore. Pigs, bars, sheets, and old. 
Valueof E FiecaJyears ending June 30- manufact- value. 
Quantity. I Quantity. I ured. Value. Value. 
Owts. Pounds. 
1864 ..•...•..•..•..........••. 109,581 $181,298 102,831 $43,229 $208,043 $432,570 
1865 . .•..... ···· ·· ............ 225,197 553, ]24 1,572,382 709,106 282,640 1,544,870 
1866 . .•...•....•..... ..•...... 215,080 792,450 123,444 3:S, 553 110,208 936,211 
1867 ..•.. • .•. . . .• .. . ....•.••... 87,731 317,791 a4, 637,867 303,048 171,062 791,901 
1868 . ............•...•.. ···•·· 92,612 442,921 1,350,896 327,287 152,201 922,409 
1869 .... . .•. ··•••· .....•...••. 121,418 237,424 1,134,360 233,932 )21, 342 592,698 
1870 ...........•...••••• ·· ···· a 19,198 537,505 2,214,658 385,815 118, 926 1,042,246 
1871. .. .. .. .. ..•.. · ··•••·•·••· a54, 445 727,213 581,650 133,020 55,198 915,431 
1872 . •• .. ·•···• ••• .••.••.•.••• 35,564 101,752 267,868 64,844 121,139 287,735 
1873 . . .. . .•. . ... . •.......•.... 45,252 170,365 38,958 10,423 78,288 259,076 
1874 . ............. ·· ··••·••·•· 19,326 110,450 503,160 123,457 233,301 467,208 
1875 .................•••...... a51, 305 729,578 5,123,470 1,042,536 43,152 1,815,266 
1876 .. .. .•• . . ......•.....•.... 15,301 84,471 14,304,160 3,098,395 343,544 3,526,410 
1877 . ... ... ............•.••••. 21,432 109,451 13,461,553 2,718,213 195,730 3,023,394 
1878 ······ · ······ · ·· · ·• ...... 32,947 169,020 11,297,876 2,102,455 217,446 2,488,921 
1879 . .... ·····•··· .•••••...... 23,070 102,152 17, 200,739 2,751,153 79,900 2,933,205 
1880 ........... ... .. .. .... .... 21,623 55,763 4,206,258 667,242 126,218 849,218 
1881 . . .. .. ..... ... ... •.•. ..... 9,958 51,499 4,865,407 786,860 38,036 876,395 
1882 ....... ......•...•.. .. .... 25,936 89,515 3,340,531 565,295 93,646 748,456 
]883 .. ........................ 112,923 943,771 8,221,363 1,293,947 110,286 2,348,004 
1884 ......... ................. 386,140 2,930,895 17,044,760 2,527,829 137,135 5,595,859 
a Evidently errors in quantities. 
Value of copper, brass, and manufactured copper exported from the United States to 1863, 
inclusive. 
l'i cal yeare ending September SO until Value I Fiscal years ending September 30 until Value. 
1842, and June 80 since. · 1842, and June 30 since. 
-----1-----:1--------------I----
1701.................... .• • • • . . • . . •• . . . $493 
1 oa..... ... . .. . .. . . . . . . . . . ..... .. .. . . . 6. 233 
1804................... •. . . • . . ••• •. . . • . 8,654 
1805.. .... .. . . . . . • . .•. . • . . . • . . .. . .. . . • . 12,977 
1806 . .......... .. . .. . . . . . . . • . ... . ... .. 25,840 
\ffi/H/HiHHHHi ... Jffl I 
1 14 ... ............. ... ....................... . ··· ·' 
I 
1888 . .....• . ......•••.. . ....•.......... 
1834 ... . ...... ...•••..•................ 
1835 ......•.•. .. .•. ...••.•• .• .•..•••••• 
1836 ... . .. .... ... ... ..••.... ... .....•. . 
1837 ........ . ....... ...• .......... •.. .• 
1888 ..... .........•. • .. . ... ······ ..... . 
18311. ... ·· · • · ·· .... . .. .... . .••.. . ..... . 
1840 ..... ······ .•... . ······ .... .. .• ... . 
1841. ···· · ····· ....••...••. ·····• ····•· 
1842 .. · ····· ············•·· .•.......•.. 
1848 {nine months) .....•.. . . . . ........ 
1844. ···· ·••·· ············· . • .• ..... •.. 
1845 ......• .• • . ..... . ........... . ······ 
1846 .......... ................••....•.. 
1847 . .......•••..•....•..••.......••... 
1848 .. ·····•··· ························ 
1849 ........... .••..........••••....... 
1850 . ...... . ....•• ... .... .. .•.......... 
1851. ...........•. ..• .•.• .• ..• . •.. .. ... 
1852 . ..•. ···•·· ···•·· ...... ·••• ·· .••••. 
1853 . ... .. ..... ··•• · · ··••·•·•••• •··•· ·· 
1854 .. ....•.•.....•.....•...•••.•.•.•.. 
1855 .. ......•••.........••. · • •• ·· ·•• ·· · 
1856 . · ·····. ········•··· • • ···•· ······ .. 
1857 . ······. ······· . • •.. ··· •••····· ... . 
1858 . ······ ......•. . .......... : ....... . 
1859 ..... ....... ... . ····•·· ········· .•. 
1860 ...... ...•.......• .. ····••······ . . . 
1061. ...........••..•....•. .. .......... 
1862. ·••····••··•··· •••·•• ·•••·••··••·· 




























1, 6f>4, 122 
2,375,029 
1, 09 , 546 
1,020, 03 
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Value of brass, and manufactures of, export~d from the United Staus, 1867 to 1884 in.-
elusive. 
Fiscal years ending June 30-
1867 .. .......... . ..•.. . ...••.. ... ...•.. 
1868 ...............••.•••........ ···•·· 
1869. ·•···· .......••..... ........ ...... 
1870 ....•....••.. •·······••· ...• •..... 
1871. ...........••....•.•.........•••.. 
1872 ....•...•.•.. ···· ·· ············· .. . 
1873 ...........•............•......... 
1874 ...•.•.....................•....... 











Fiscal years ending June 30-
1876: •.... ·••··•·••··•···••···•··••••· 
1877 •••..•.•....•••..••.••.•••. •..• ••. 
1878 .•...•....••.•..••.......•..• · •.•• . 
1879 .•••••.•.•••••••.••.•••••••••.•••• 
1880 .••.•••.••.•.•••••.•••••.•••.•.••. 
1881. ........•.. _._ .........•.•.....•.. 
1882 ........•....•••.•.•••...••..•.•.• 
1883 .......••...•.....•..•...• .•.••••. 











Exports of copper and copper 01·e of domestic production and of domestic manufactures of 
copper in the calendar years (ending December 31) 1883 and 1884. 
1883. 1884. 
Exports. 
Quantity. Value. Quantity. Value. 
Copper ore, long tons................................ 12,253 $1,971,581 33,672 
tt~:: ~~~~da:~. ~~~.~~:.~~·-~~~~~~:::::::::::::::::}is, 206,187 2,784,816 {3°• 3:• ~: 





Total.......... ...... ... ..... . . ................ . .. . . . . ... . . 4,882,605 . . . . . . . . . . . . 8,368, 174 
The exports of copper during the calendar year 1884 were 30,321,295 
pound~, in the form of ingots, bars, and old copper. The bars are 
almost exclusively Arizona product, being the black or blister copper 
as made at the furnaces. From a comparison of the total Arizona 
output and of the quantity of copper shipped to American refining 
works, and the small amounts taken by consumers direct, it may be 
estimated that 3,700,000 pounds were exported in that form. The 
refiners and the Boston and Colorado Works exported 4,600,000 pounds, 
coming, of course, from a variety of sources. The Lake companies sent 
out 18,000,000 pounds between May, 1884, and January, 1885, thus 
leaving about 4,000,000 pounds as the export of second hands. The 
copper contents of the 33,672 tons of ore and matte exported are esti-
mated to have been 28,000,000 pounds, almost all of _it Montana prod-
uct, thus making thP- shipments to foreign countries in all 58,300,000 
pounds. The quantity apparently available for home consumption is 
therefore 83,300,000 pounds, from which must be deducted the amount 
of Colorado, California, and desilverizers' product used for making 
bluestone. It may be fairly stated, then, that our home consumption 
was called upon to deal with about 80,000.,000 pounds of copper. This 
it bas undoubtedly done, since the supply at the end of the year was by 
no means excessive. It is certainly a highly encouraging feature that 
our manufacturer1, took so large a quantity of metal in spite of the dull 
times. While the demand for machinery, brass castings, and alloys was 
probably below the average of former years, the quantity consumed, not-
ably for electrical purposes and for domestic utensils and ornaments, 
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wa certainly very much larger. A very encouraging point has been 
the growing favor of bard-drawn copper wire for telegraph lines. One 
telegraph company, judging from the mileage of this class of wire and 
its. average weight per mile~ must have alone used fully 1,000,000 pounds. 
Harcl.drawn copper wire is very highly spoken of by electricians as a 
material for the transmission of messages by modern methods, and if 
the great promises of the trials made thus far are borne out by long 
continued experience, a demand- will be created which will be highly 
beneficial to the metal. '!'here has been a good deal of agitation, largely 
misdirected, looking to the wider introduction of copper as a material 
for roofing, water service, etc. There is some future for the use of the 
metal in this direction if low prices continue, but it must necessarily 
be a matter of slow growth, not likely to affect consumption very ma-
terially in the next few years. 
The export of manufactured goods has as yet made very little head-
way in spite of the fact that our manufacturers now have a very cheap 
raw material~ and their works a,re splendidly equipped to produce cheaply 
a large variety of very tasteful1y made goods. There can be no ques-
tion that this is a field worthy.of cultivation and in which American 
manufacturers can- develop a large and growing outlet. 
THE 0OPPER MARKETS. 
The following table summarizes the highest and lowest prices obtained 
for Lake copper monthly iu the New York market from 1860 to 1884, 
both inclu ive: 
Highest and lowest prices of Lake Superim· ingot copper, by months, from 1860 to 1884. 
[Cents per pound.] 






~ --------1-- -- -
1860 ••••...... . ...•.. . .. 
1861 ..... . ... .. ..•.. .. .• . 
l 2 ...•.. . ······ ....... . 
I!ii:::::::::::::::::::::I 
1860 .. .. .. .. . ... .... . ~8: ::: : : : : : : : . :::: :: : :::1 
ii~::::::::::::::::::J 
i:H ::::::::::::::::::J 
1875 ................... . 
J 70 .• •.•...•... . ·•••·• 
1877 . . ........... . .... .. 
l .. ......... .. .... .. 
1870 .....•• . .... . .. . .... 
l I ·:: • ~::.: ~.::::::: : : • 
l ....... . .. .. ........ . 
1 .. .. ..... . .. . ...... . 
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! i 1] i ! i] 
i~~ m I i~ m i~ i~1 - i~1 
23 23 21½ 21½ 001 23 2Ci 
31 31 30 30½ 30 30½ 30 
41½ 44 42½ 44 43 49 44 
34 as 34 34 30 30½ 28t 
29½ 30 28i 31 29 33 31 
24 24½ 23½ 24¼ 24 24½ 24 
23¼ 24¼ 231 I 241 24 24 23, 
24 24 231 24¼ 23! 23¾ 22 
19 19! 19¼ 19½ 19 20! 19 
2,, I 2,1 21¼ 211 21& 21½ 21¼ m ~½ ' ;~t i~½ :~ m ~~. 
24 25 -1 25 24½ 24! 24¼ 
21½ 211 21½ 23¼ 22! 23 23 
22 I 22a 22 m 21 I 21 ;:1 
lh !!1 m1 m ~~ m m 
221 22½ I 21 21 18 18¼ I 17~ 
10 I 19 18i }ij 18¼ lA¼ 16j m t:1 , m 16 ~1~ m i~ 1q 1s I 1q 14¼ 4¼ 141 u 
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Highest and lowest prices of Lake Supe1'io~ ingot coppe,·, cfc.-Continued. 
July. August. September. October. Novtimber. December. 
Years. ~ ~ "'ii ~ 
...; t ~ ~ .. ..,J ~ .. rr; <tl <tl <tl <tl Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) 
~ ~ 








0 fE 0 ~ 
0 
i-::l i-::l i-::l i-::l i-::l H 
------------------ --
1860 .•••••••.•..••••••••• . 21i 21½ 21½ 21½ 22 21¼ 22 21½ 
0
21½ 20¼ 20¼ 19! 
1861. ••••••••••..••.•••••. 18 17½ 19 17! 20¼ 19 20¼ 20 22½ 20¼ 27 22½ 
1862 ••••••••••••••• . ••••.. 24½ 22½ 24½ 24 27 24¼ 32! 27 32! 30½ 31½ 30½ 
1863 .•••.•••••••••..••••.. 82 29 31 29 32¼ 31 34½ 32¼ 38½ 34½ 38! 38½ 
1864 .•••••••••..•••••.•. •. 55 49 52½ 50 52½ 47½ 48 47 49 47 50 48½ 
1865 ...•••.••.•.••••.••••. 30¼ 28 32 30½ 32! 31½ 33 32½ 45½ 33 45½ 39¼ 
1866 ..•..• .•••••.••.• •... . 33½ 31 31 30 31½ 30! 31 30¾ 30! 26½ 29 26½ 
1867 .....••...•.•..••..•.. 26 24 26¼ 25¾ 27¼ 26¼ 26! 22¾ 23 22i 23 21½ 
1868 ••• : ••...••••.•.•. .. . . 24½ 23¼ 24¼ 24 24 28! 24 23 24 22½ 24½ 23¾ 
1869 •••.•• •••••·. ···•••·•· 22¼ 21! 23¼ 21! 23 22 22! 22 22½ 22 22 21½ 
1870 .. ...••...•••••••••. .. 20½ 20H- 2li 20k 21½ 20¾ 21! 21½ 23H- zit 221 22¼ 
1871. .•. ··•·· .......•.•... 22¼ 21i 23 22-~ :gf 22! 23! 231 24¼ 23¼ 27 24½ 1872 .....••.•.......••• 34 33 35 32½ 33 34¾ 31¼ 32¼ 30!- . 32½ 30½ 
1873 .•••..••••••••.... .. . . 29 26i 27½ 27 27 25½ 25½ 24 24 21 25 23 
1874 .••..•.•••••... .•.• .. . 24¼ 20 21 19 21¼ 21 22¼ 21¼ 23! 22¼ 23¼ 23¼ 
1875 .•••.••. •..... . .• ••• •. 23 22i 23H- 23 23! 23t 23¼ 23 23¼ 23 23¾ 23i 
1876 .••••.•••••••.•..••... 20 19~ 19½ 18¾ 21 18 21¼ 20½ 20½ 20 20 19i 
1877 ••••••.••..••......... 19¼ 19 19 17! 18½ 17! 18 17¾ 17¾ 17i 17! 17½ 
1878 .•..••.••...• 16¼ 16 16 16 16¼ 16 16 15½ 15! 15½ 16 151 
1879 ••••.••••••........... 16k 16 16i 16 17 16¼ 21½ 18 21¾ 21 21¼ 21 
1880 .••...•.• . ••••. .••.... 18! 18½ 19¼ 19 18! 18! 18! 18¾ 18% 18¾ 19¼ 18! 
1881. •••••••...•..•••..• · - 16½ 16 16i 16i 181 16! lSH- 18 19 18k 20i 19¼ 
]882 ••••.•••••.•••••.• 18¼ 18k 18¼ 18k 18¼ 18 18¼ 18 18¼ 18 18 17-l 
1883 ••••••••••. . .•....•... 15k 15 15 15 15¼ l5l 15¼ 15k 15 141 15 14-l 
1884 .••.•••••• ···•·••••••• 14¼ 13% 14 13! 13¼ 13 13k 12! 13 12½ 12¼ 11 
1883.-During 1883 the prices of Lake Superior copper and of good 
ordinary Western brands varied as follows : 
Prices of copper in 1883. 
Lake col~~tn New Good ordinary Western Average in New York. 
Months. monthly price 
of Chili bars in 
Highest. Lowest. · Highest. Lowest. London. 
Ptrpound. Perpoum,d,. Per pound. Per pound. Per long ton. 
,Tannary ........••••............•.... $0 18½ $0 18 $0 17 $0 16 £66 5 6 
rr~~~h~~:.::::: ::: ::: ::: : : : : : : : :·. :::: 17! 17¾ 16½ 15! 65 8 9 17i alr 15! 15¼ 65 13 8 
~~~:::::::::::::::::::::::::::::::: 16 151 15 1q 65 11 18 16 15! 15 14½ 62 9 2 
June .•.•......•..•.....•.......•.... 15! b15 141 14 64 0 2 
July ....................................... . 15¼ 15 141 14 63 17 9 
Auinist •••..•••..........•••........ 15 15 141t 14 63 16 0 
g~tt:b~~.:::::::::::::::::::::::::: 15¼ 15¼ 14¼ 14¼ 63 12 3 15¼ bm 14¼ 141t 61 17 6 November . 15 14! 14 60 8 6 December .. :::::::: : :::::::::::::::: 15 14 14 58 6 6 
a For export, 16 cents. bFor home consumption, 15 cents. 
In the early part of January manufacturers contracted with Lake 
companies for the purchase of ten to eleven million pounds of copper, 
approximately two to three months' demand, at 18 cents. The result was 
that sellers of other brands began to show much anxiety in disposing 
of their product, and a decline was precipitated, which more and more 
widened the gap between the quotations of Lake and of other brands. 
Thil:~ brought out from week to week small lots of Lake to be resold by 
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those manufacturers who desired to realize a profit by using Western 
copper. Under the pressure thus brought to bear, Lake copper slowly 
receded, and in turn forced down the price of competing brands. This 
decline was rendered more rapid still by the efforts of sellers of un-
known brands to obtain a foothold, and by the throwing upon the mar-
ket of Western copper by bankers who had made advances upon it. The 
eagerness of holdus to place their metal naturally increased the reluc- . 
tance of buyers, who were confirmed in their position by the fact that 
the demand for manufactured goods was slack and had been made 
worse by the competition for trade by makers, of whom each believed 
himself to be capable of outbidding others because of low purchases of 
raw material. The demoralizatfon in the latter spread to the manufact-
uring trade, which only aggravated the evi.1. In the middle of March 
the Lake companies sold about 7,000,000 pounds of copper for export, 
and when this movement did not seem to check the decline or shake 
the position of buyers, they suddenly, in the beginning of April, began 
to be free sellers at 16 cents. A considerable quantity of copper was 
placed, but there was not, it appears, a pool of sellers negotiating with 
the principal buyers. The first effect of this sudden turn was to force 
a few small holders to realize at lower figures. Since then Lake was 
pretty firmly held at 15¼ cents, though it slightly recovered, the quanti-
ties offered being slight in April and May. In June the Lake companies 
again came forward, contracting for the delivery of 20,000,000 pounds 
to consumers at 15 cents. Meanwhile other brands dropped off, particu-
larly those not having a recognized standing or marketed under special 
circumstances. The quotations given above are for fair brands; they 
are higher, in some cases as much as one-quarter to three-eighths of a 
cent, than the figures which have formed the basis of actual transactions. 
They are lower, on the other hand, than the prices readily obtained for 
certain special brands made of black copper produced from the pure oxi-
dized ores, notably of Arizona, and which range only one-half of a cent 
lower than Lake copper. It is striking that the di:fferences should be 
o great, being in some cases as much as 1¼ cents per pound. There 
can be no doubt that, intrin ically, copper refined carefully and having 
no grave quantitie8 of impurities is worth more than the difference in 
quotation would indicate. Uhili bars containing only 96 per cent. of 
copper have been occa ionally sold in this market during the past ten 
Y ar , and generally the difference was not more than 1¼ cents per 
pound. 
July pa ed by quietly, though without any evidences of weakness, 
a urplu of out icle brand being marketed abroad, so that early in 
Augu t the latter developed more trength. There were also dq.ring 
that onth ome export ale of Lake copper at prices equivalent to 
th ruling in thi mark t, and in pite of a pretty steady declin 
a r ad th r wa a bett r f ling generally throughout Septemb r. In 
·t r, wbil waiting fol' l vel pment cone rning the coming con-
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tracts between the Lake companies and the consumers, some of the latter 
were forced to come into the market for small lots, which accordingly 
realized slightly higher prices. In the middle of the month it was 
given out that the old contracts at 15 c~nts had been extended to cover 
the balance of the year, and somewhat later it was announced that the 
arrangement in reality covered the period to April, 1884, involving the 
sale of, roughly, 20,000,000 pounds. It was understood that much 
of this copper was to be delivered at buyers' factory, a step prob-
ably taken to make the exchange of other brands for Lake on a falling 
market more difficult. 
The last two months of the year were as usual without events of any 
significance. There was very little copper pressing on the market, 
and on the other hand buyers were few and their purchases unimport.ant. 
Very little, if any, Lake copper was thrown upon the market by manu~ 
facturers. 
1884.-During this year the :fluctuations in the prices of Lake copper 
and of good Western brands were as follows : 
Prices of copper in 1884. 
Lake oopper in Good ordinary West· Averaye 
Average 
AverT'!fe 
New York. ernbrandsin mon.th y 
mOD;thly mOD;t y 
New York. pnce 
Months. 
price of oo~per price of Chili ofpreoipi· 
bars ore m t ate in 
Highest. Lowest. Highest. Lowest. in London. Liverpool, Liverpool. 25 per cent. 
------ ---
Per lb. Per lb. l'er lb. Per lb . Long ton. Per unit. Per imit. 
i:~:~~y· : : : : : : : : : : : : : : : : $0 15 $0 lil $0 14¼ $0 ml £58 0 6 £0 11 3 £0 11 10 15 ' 1 14t 13 56 1 3 11 0 11 10¼ Maroh . . . ........ . .. ... .. 15 a 14-i 13 lSi 54 15 6 10 10 11 4 
April .................... 15 b 14½ 18i 13i 56 3 10 10 9 11 2½ 
May ... ... . .... .. .. . ... . . 14¼ 14¼ 13¼ 18¼ 56 10 0 1111 11 ili 
June . ............•....... . 14¼ 14 13¼ 12! 54 18 0 10 6½ 11 3¼ 
Julv .. . ..... . ....... . .... 14¼ ·131 13 12! 54 7 3 10 3¾ 10 H t August . .. ... . . ... . ... · ... 14 13 12! 12½ 54 9 6 10 1 10 10¾ 
~!~t!:~:.:::: :: ::::::::: lS¼ C 18 12½ 12 54 4 5 10 2 10 9¼ 13¼ 12¼ 12 11¾ 53 15 7 10 1½ 10 9¼ 
November ..... .. . . . . . .. . 13 12½ 
11¾ I 11¼ 52 5 0 9 9 10 5½ December .... . ..... . ..... 12¼ 11 11¼ 10½ 48 18 3 9 1½ 9 11¼ 
a For export, 13 oents. b For home consumption, 14 oenta. cFor home consumption, 13 oents. 
Since the English quotations have become of such direct importance 
to American copper miners, the following table, showing a comparison 
of values in 1884 with former years, is of interest : 
Average values in England. 
Years. Chili bars. Ore~e~~er Precipitate. 
1880 .•••.• ··•••• ·---······-··················· ·•·••··••·•· · ··· 
1881 .••••• ······· · ·······-·· · ····· ···-·· ••••• • ·•••••·••••••••· 
1882 . ··········· ·········-·· ········••·· · · ·-········ ......... . m: :::: :: :::::: :::::::::::_: :: ::: ::: :::: :: ::::: :::::::::::::: :I 
Long ton. 
£62 10 0 
16 10 0 
66 17 0 
63 5 10 I 
54 9 1 
Per unit. 
£0 12 9 
12 6 
13 6i 
12 4½ I 
10 5½ 
Per unit. 
£0 12 11 
13 St\ 
13 lO f!: 
12 lOrii 
11 1 
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With a view to illustrating the difference in quotations between ordi-
nary Chili bars, the speculative article, and one of the best brands, rank-
ing with Lake copper, regularly quoted in England, the prices at the end 
of each month during the year 1884 are given: 
Comparison of prices in England. 
Dates. Chilibars. Wallaroo. Difference. 
December 81, 1888 ...........•.......•..••..••...•.•••.••.••.•••••..•. 
January 31, 1884 ......••••........••••.•••••..••. ..••. ..••. . •..•••..•. 
February 28, 1884 ..•.......•.....•....•..•••••..•••...•.........•••.•• 
March 31, 1884 .•••....•••••.....••••••..•••..••...••.•.•••.•..•.•••••• 
April 30, 1884 ..•.........•••.••......•..••....•...••••.•...•...•...••. 
May 81, 1884 . .•... . ....•.......•.•..••••..•...••••.•••••....••••••..•. 
June 30, 1884 ......•..........•...•...•..•••..••••.••...•.•...•....••. 
July 81, 18S4 .. ........ .. .......•..•.....••...•..••..•••••..•......... 
!~t£\{~ ii~~~:::::::::::::::::::::::::::::::::::::::::::::::::::'. 
November 80, 1884 . ....•........••..•....•........•.••..•..•.•••.•.•.• 




































The year opened quietly, with little pressure to sell on the one hand, 
and comparatively very little inquiry. The Lake companies declined 
fair foreign orders, and January closed a shade firmer. February was 
exceedingly dull, nothing whatever occurring to change values or to in-
dicate any early movement upward or downward. Refiners of other 
material suffered to some extent from the usual winter curtailment of 
the upply of black copper, ore, and matte, and showed less tendency to 
anticipate consumers' wants or force metal abroad. When, however, in 
March it became known that the Lake companies had contracted abroad 
for the deli very of 7,500 tons at 13 cents, the sellers of other brands 
began to show more anxiety, and the usual tactics of placing as much 
copper a po sible before the coming Lake sale were followed, the effect 
being a gradual decline in the price of these brands. This again re-
flected back upon Lake copper, which began to weaken, and forced the 
companies to name 14 c nts as the basis of their contracts with con-
·umer , involving about 12,000,000 pounds for delivery during the sum-
mer. In pite of the financial troubles of May that month passed quietly, 
the only feature b ing th continued weakening of outside brands. In 
June it eemed for a time that the floods of the Colorado and Rio Grande 
riv r would, by cutting· off the coke upply to some of the Arizona 
pr due r ', dimini h the output of that Territory, but the damages to 
th railr ad were promptly repaired and bad litt.Je effect. July was 
qui , nd there wa comparatively little elling of Lake copper on the 
part of mannfa turer who were replacing it by cheaper Western brands. 
The latt r bow d c n id rable weakne during August, a month dur-
ing which the u u l maneuvering between the companies and the con-
umer wa going on. Early in September the contracts were closed 
on the ba i of 1 cent , the quantity involved being about 10,000,000 
pound . Th other brand promptly followed the drop; but the eller 
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of this ~lass of' metal sotight relief by marketing as much as possible 
abroad, the export sales of Arizona refined and bar aggregating fully 
1,500 tons. Contracts were also closed for 9,000 tons of Montana ore in 
England.. The Lake companies meanwhile declined export orders at 12½ 
cents, but in the following month they were selling at 12¼ and 12¼. 
In sympathy with the decline abroad tpe market here showed an un-
btoken tendency downward and the contracting of ·heavy quantities of 
Monta.~a matte in England-the Anaconda, for instance, selling its 
J 885 product of abo1,t 7,500 tons matte based on quotations of best se-
lected-did not tend to mend figures. The Calumet and Hecla fire in 
October bad no effect upon the market, and in the beginning of Decem-
ber the Lake companies met the decline by selling to eonsuruers at 
1~ cents. They were at the same time heavy sellers m Europe, contract-
ing to deliver 7,500 tons, the copper being taken evidently on speculation 
by a large banking concern, on the basis of Chili bars, which began to 
show a heavy decline early in December. ~hese sales were made 
allowing only an advance of £4 per ton for Lake over Chili bars, which 
the purchasers are ma.rketing at about £7 over Chili bar quotations. 
Toward the end of the month it was announced that the Lake compa-
nies had made a contract for the first five months of 1885 with domes-
tic consumers, the quantity involved being about 2,000,000 pounds per 
month. The price to be paid is based on the average quotation of Chili 
bars for the preceding month for the dates ranging between tbe 10th 
and the 25th. The lowest price is to be 10½ cents, when Chili bars have 
averaged £48 or under, the price to advance one-tenth of 1 cent for 
every 10s., increased ave~age until £53 or over is reached, whe~ 
the maximum price is to be 11½ cents. It is understood that under 
this arrangement the January price was fixed at 10.60 cents. The 
i,,ale, it is stated, is coupled with the condition that the purchasers are 
not to use any other brands of copper. It would appear, therefore, that 
every effort is being made to secure to the pool the customers it holds, 
tlrn Hales for export being invariably made with the proviso that none 
of the copper is to be returned to this country, while domestic buyers 
are enjoined from placing copper once bought upon the open market. 
The latter step was evidently taken to protect the market against re-
sales by manufacturers who, especially during 1882 and 1883, frequently 
replaced Lake bought by other cheaper brands of Western copper, 
thro-,-ving the Lake upon the market. 
A great event during the year was the withdrawal of the Quincy 
Mining Company from the pool, and the appeal on the p.art of the other 
members of it to the courts for an injunction, which was denied. From 
the papers in the suit and from published statements growing out of it 
considerable light was thrown upon the character of the pool. It ap-
pears that on the 14th of February an agreement was made, substan-
tially, so far as is known, modeled after similar earlier covenants, des-
ignating the Calumet and Hecla Company as selling agent of the com-
2 M R-23 
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bined product of the Calumet and Hecla, Quincy, Atlantic, Central, 
Allouez, Franklin, Pewabic, Buron, Conglomerate, and Copper Falls 
mines. 
The only large company not a member of the pool was the Os~eola, 
which, however, sold to Waterbury manufacturers on the basis of the 
pool sales. The agreement was entered into till the 1st of January~ 
1885, but subsequently, on .August 20, was extended to March 31, 1886. 
One clause of the agreement, not generally known, was that the Calumet 
aud Hecla Company had the right to temporarily withhold from ,appor-
tionment 10 per cent. of the pool sales as a fund to be used at the dis-
cretion of the Calumet and Hecla Company for the purpose of relieving 
any of the small companies from any straiD; caused by the accumulatiob of 
copper on their hands or for the purchase of Lake copper in the mar-
ket. 
In reply to an inquiry from the Quincy Company the Calumet and 
Hecla Company inform~d the Quincy that 2,000 tons of special size cakes 
had been sold for export in October, November, and December, but that 
owing to inability to deliver the October portion the dates of delivery 
were changed to November, December, and January, 1885, the price to 
,be paid to be the average price of Chili bars in each of the. months 
named, with £4 added. 
It is reported that the November settlement showed that for its share 
of the export sale of tbat month it receind 11~ cents per pound of 
copper. The (~uiucy accepted offers of 12 cents per pound for 1,200 torn; 
for export, and it wa then that proceedings ::igainst it Wf're begun. 
To-day, therefore, two large companies, the Quincy and the Osceola, have 
withdrawn from the combination, which, o far as its control of the do-
mestic mark t i concerned, has outlived its u8efulness, chiefly on ac-
count of the competition of the Western mines, and has since been en-
tir ly abandoned. · 
Th price realized for tl1e copper produced vary somewhat. The 
following tabl , compiled from the report of the <lifferent mines to the 
harehold r , exhibit the e fluctuations and furnish a fair basis to esti-
mate the average price obtained during the year: 
Prices realized for Lake Superio1· copper in 1883. 
Minos. 
Allouez .. _ ... . . .. _.,· ·--·· ·· ·-· · 
Franklin.- ... ....... ---··· ..... . 
Atlantic·-· ·· .... ___ ..... ·-·.·-· 
P wabic ···-·· ···-·- ···-·· ..... . 


















THE PRINCIPAL FOREIGN PRODUCERS. 
Since American producers have begun to assume the role of more 
than occasional sellers in foreign markets and have come into direct 
competition with the mines of almost every quarter of the globe, the 
question constantly arises how far are our foreign rivals capable of · 
holding their ground, what point must be reached in the .decline before 
an enforced restriction of output is reached, and _to what extent our own 
mines will share in that cessation of work. We know that the English 
mines will practicaJly cease to exert any influence, that the Australian, 
Canadian, and Venezuelan producers must goto the wall should prices for 
ore and regulus remain below 10s. per unit for any length of time; on the 
other band that the great pyrites mines of Spain and Portugal can live, 
that the· Cape of Good Hope ·product will continue, that the Mansfeld 
district in Germany will contrive to make ends meet, but we ham little 
positive information, unfortunately, concerning the heaviest copper ship-
ping country, Chili. In the absence of any precise knowledge concern-
ing the cost of production in that country, or of the capa~ity of the rich 
owners of the leading mines to bear up under heavy losses, it is only 
possible to rPpeat the general impression in well informed quarters that 
prices belOVf £50 in London press very heavily upon the copper indus-
try of Chili. On some of the points at issue data will be found in the 
following review of the development of the copper industry in the lead-
ing producing countries. 
Aside from the interest which attaches to the affairs of producers in 
foreign countries, since we have become their direct and most feared 
competitors, the markets of G1~eat Britain, reflecting as they do the de-
mand and supplJ' of the world, have attained a new and direct signifi-
cance because the prices paid for nearly one-half of the make of our 
country are based upon the daily quotations of Chili bar.s or of best 
selected. Every movement, every fluctuation in the world's markets 
is immediately felt by American producers, directly or indirectly. 
Messrs. Henry Merton & Co. have compiled the following table of the 
copper production of the world, and have since its publication kindly 
completed some of the estimates when later returns were available. 
Some of the data have peen changed and corrected by, this office from 
information directly received from various quarters. The copper js in 
all cases credited to the source where it originated. Thus the contents 
of the pyrites shipped from Spain are included in the figures given 
for that country. The table as it stands reflects the results of the 
closest scrutiny and may be accepted as tlie most complete and accu-
rate now available. 
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The copper production of the w01·ld, 1879 to 1883 inclusive. 
Countries. 
EUROPE. 
Great Britain . . . . . . . . ................. . 
Spa.in and Portugal: 
Rio Tinto ...........•....•. · ........ . 
'.rharsis ....... ...... .....•.......... 




OthEft- German .......•.............. 
.Austria .............••.•................ 
r::f:;!_:::: :: : : :::::: :::: :: ::: : :: ::: ::: 
t~r;~~: ::: : :: : : : : :::::::: :: :: : : : : : : : : : : 
Russia ................................. . 
Total Europe .•...•...........•..•. 
NORTH .AMERICA. 
United States ..•.......•..•••...••••.... 
Canada .. ..............................•. 
Newfoundland: 
Bett's Cove .......•..••............. 
Mexico ......................•....••..... 




Corocoro ......•........ . ..•.••..... 
Peru ... .... . .......................... . 
Venezuela ........•..................... 
1883. 1882. 1881. 1880. 1819. 
Long tom. Long tons. Long tons. Long tons. Long tom. 




















































































































New Quebrada . . • . . . . . . . . . . . . . • . . . . . 4, 018 3, 700 2, 823 1, 800 1, 597 
Argentine Republic..................... 293 800 307 300 300 
1-----1-----1-----1-----;-----
Total South America.............. 49,805 51,108 44,389 47, 616 53,815 
AFRICA. 
Algiers...... . . . . . . . . . . . . . . . . . . . . . . . . . . 600 600 600 501) 
Cape of Good Hope: 
500 
Cape Cepper Company.... ..... ..... 5,975 5,716 a, 467 4,739 4,328 
t----1----·------1-----1----
Total Africa . . . . . . . . . . . . . . . . . . . . . . 6, 575 6, am ' 4, 067 5, 239 4, 828 
ABU.. 
Japan . ................. . ...... .. ........ 5,000 2,800 1,900 1,900 1,900 
Total Aeia . . . . . . . . . . . . . . • . . . . . . . . . 5, 000 2, 800 1, 900 1, 900 1, 900 
Australia .•......•..•.•...........•.... _1==12=,=5=00=!===8=, 5=1=2=l===10=,=oo=o=l===9,=7=oo=;:I ====o,=5=oo 
RECAPITULATION. 
~~~~~~i-iaa: :: : : ::: : : : : : : ::: : : : : :: : :: 
~onth America ........•.............•••. 
Africa .•...•...•........................ 
.A..sia · ·····················•···•········· A oetralia . ...... .......... . ... •....... • .. 








66, 249 64, 595 59, 297 53, 866 
42, 868 34, 551 28, 950 24, 950 
51, 108 44, 389 47, 616 53, 815 
(i, 316 4, 067 5, 239 4, 828 
2, 800 1, 000 1, 900 1, 900 
8, 512 JO, 000 9, 700 0, 500 
------1-----1----
177, 853 159, 502 152, 702 148,859 
Great Britain.-Tbe decline in the production of the British mines 
b been continued, and th y have practically cea ed to exert any in-
fluence. 
COPPER. 
Production of copper in Great Britain. 
Years. Ore. 
Long tons. 
1860 : • • . . . . . . • • . . • • . • • • • • . 362, 696 
1865 . . . . . . • . . • • .. • . . • • • • • . 198, 298 
1870 . . . . . . . . . . . . • . . . . . . . . . 106, 698 
1871 . . . . . • . ... . • . . • • • . . . . . 97, 129 
1872 . • • .. • . . . . . .. • • • • • . . . . 91, 893 
1873 . . . . . • • .. . . . .. • • . . . • • . . 80, 188 
1874 . • . .. • • . . • . . • • • • . • • • • • 78, 521 












1876 . ..•..•. . .••...•..... 
1877 ........ . ......•.... . 
1878 . ... . ... . ..... . ..... . 
1879 . ..• . .........•...... 
1880 . ............... . ... . 
1881 ..•... . .. . .....•..... 
1882 .... . .. . •.... . ....... 






















The official figures for 1884 show a slight increase, to 3,300 tons, as 
the yi~ld of the Cornish mines. 
Great Britain, however, handles more than half the copper produced 
in the world, and the figures relating to that trade are of the greatest 
importance. 
British imports and exports of copper. 
Years. 
1860 ••.•.•.••••. ·••··••••••••••·••••·•••• · ·•••···•·•·· 
1865 .•••.• ····•·•••·••••·••·••• ••••• • ·••• · ·••···· · · • ·· 
1870 .............................. . .. . ............ . .. . 
1871. .......................... . ..................... . 
1872 . ..••. ·······••••••••••••··•· •·••·•••··· •••··•••·· 
1873 . ................................................ . 
1874 . ..........•...•••.•.••••.••••• . •••••..••.•....••. 
1875 ........•.. • •..••..••.•••. ·••·• · •••• • •.•••.•..•••. 
1876 . ...•.. • .....•.•••••.•• ••.•.... .• ••••.••• • •• . . • .. . 
18',7 ......••..••••••.••.•• . .••.•..••.••.....••••..•• . 
1878 .•.. ··•··· . •.••••••••• . .• . ••••••..•..•....•..•••.. 
1879.· ......................... . ...... . ............... . 
1880 ....•. . .•..•••. • .•.• • ..••....••• . ••••. ••••...••• . . 
1881. .•...•••.•..••• • •.•.•..•••. • ••.••••••••••...••••. 
1882 . ... . ••...•.•..••..••.. • •...•••..••.•••.....••••.. 
1883 . .......... . ....... .. ............. . ......... . .... . 
1884 . ......... . .. .. ............... .. ...... . ....... . .. . 
Imports ~f-
Bars, in ~~~~!~d 













































































The following figures from the- Board of Trade returns for the seven 
years since 1878 show in detail the form in which the copper is brought 
into Great Britain and in what form it is exported: 
Imports of copper into Great Britain from 1878 to 1884 inclusive. 
Character. 1878. 1879. 1880. 1881. 1882. 1883. 1884. 
--------
Long Long ionu Long Long Long Long 
tons. tons. tons. tons. tons. tons. tons. 
Pure in pyrites ................. . ....... . .. . 14,443 12,040 16,446 13,551 15,672 15,016 14,077 
Pur.e in precipitate .................. . ...... 18,173 18,159 18,205 18,619 17,935 23,645 21,738 
Pure in ore . ...................•......... . .. 15, 441 13,173 14, 976 15,396 15,489 15,880 24,842 
I~:, ~ak:r.!i1: : ~:::::::::::::::::::::::::: 5, 155 7,049 6,598 6,491 9,270 8,952 12,434 39,360 46,670 36,509 32, 170 35, 509 35,653 39, 8 lf> 
-------
Total . .. . . ....... . . . .... . . ......... . .. 87,572 97,091 92,734 86,227 93,875 99,146 112, 90G 
- J 
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Exports of copper from Great Britain from 1878 to 1884 inclusive. 
Character. 1878. 1879. 1880. 1881. 1882. 1883. 1884. 
--------------1---------------------
Long Long Long Long Long Long Long 
tons. tons. tons. tons. tons. tons. tons. 
Raw English .•...•••....................... 17,319 16,370 15,202 18,737 12,776 16,777 17,943 
Sheets . ..................................... 12,769 15,402 16,580 15,960 15,698 16,071 20,669 
Yellow metal, at 60 per cent................ 8,744 10,042 10,128 9,939 10,892 11,918 11,602 
Brass, at 70 per cent................. .. .. .. 3,450 2, 761 2, 677 3, 263 3, 409 3, 381 3, 735 
42,282 44,575 , 44,587 , 47, 8~9 42,865 48, 147 1 53,949 
Fine foreign ................................ 12,719 17,837 14,895 13,790 12,818 11,203 10,742 
Total....... . . . .. . .. .. . . . .. .. .. .. .. .. . 55, 001 62, 412 I 59, 482 1 01, 689 55, 683159, 350 I 64, 691 
Turning first to the imports of pyrites, we find the following table of 
the imports and their source since 1873 in the volume of the Mineral 
Statistics of Great Britain : 
Imports of pyrites into Great Britain. 
Years. . I Other T ... _, Norway. Portugal. Spam. Germany. countries. o ..... . 
-------------1----1---- -------------
Long Long Long Long Long 
tons. tons. tons. tons. tons. 
1873.... .... .. . .. .. . .. . .. .. .. .. .. • . • ... .. 67,462 199,559 246,692 6,634 
1874 ...................... .............. 41,044 162,569 294,111 go7 
1875 . ..... ... .... . .. ... .. ........... .. .. 21,820 165,433 344,019 6,283 
1876 . ... ..... .. .. .... . .... .... ........ ... 7,688 56,579 419,068 21,417 
1877..................................... 8, 564 149,-562 498, 977 22, 209 
1878.. .. . ... ........ ... . .......... ....... 5,773 186,705 410,561 12,318 
1879...... .... .. . .. .. . .. . . .. .. • .. .. .. .. .. 8,485 82,529 874, 505 15, 783 
1880..................................... 10, 952 166, 519 463, 199 8. 695 8, 684 
1881. .... ... . . . .. . .... ••. . .. . . .... ... .. . . 6,009 140,079 379,216 8,412 8,602 
1882 .. .. ........... ....... ...... ........ . ......... 114,132 497,807 .. .. ... ... 15,761 
1883 . .... .. .... ............. ............. 1,271 121,137 473,343 . .. . .... . . 5,537 















Spain and P.ortugal therefore practically monopolize the business. 
The following table exhibits the quantity of burned pyrites treated· at 
the twenty-two metal extraction works, together with the quantities of 
metallic copper and gold and silver extracted by the Claudet process: 
Metals extracted from burned cupriferous pyrites. 




1880 ..... - .. ...... .... .. .... .. . . .. . . .. . .. .. .. . .. . . .. . . . . .... . . 415,567 
1881...... ..... ......... .......... ......... . ................. . 896,787 
1882...... .... • • .. .. . . .. .. . . . . . .. . . . • . . . .. .... .. . . . . .... .. . . . . 484,427 

















Prof. G. Lung , of Zurich, the great authority on the manufacture of 
·nlpharic acid and oda, ha mad some intere ting calculation based 
on t, ti tical data to how for what purpo e and in what quantities 
nlpburic acid i · mad in England. Th c mputations are of inter-
t, th y b r diI ctl upon tb pro p rity of the great Spani h py-
rit miue · and trac th, c whi h hav no mean inftuenct upo!l 
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that important supply of copper, the metal extracted from pyrites cin-
der. The following table contains the principal data: . · 
Sulphu,·ic acid produced in Great Britain. 
Years. I 
Pyrites acid Pyrites 
Mad~ from m::~1aJf~ro acid used .A.c~~de Total acid 
pyrites. of sulphate for other brimstone. made. 
1878 .................... ........ ..... . . 
1879 ............................. ..... . 
1880 ......................... . ........ . 
1881 ...... • . ........ : . .......... . ... .. · · 
1882 ..•.•.... .. .... . ................... 





































~be principal quantity of sulphuric acid is therefore consumed m the 
manufacture of soda. The ammonia-soda processes, which avoid the 
use of sulphuric acid, have been looked upon as seriously threatening 
the pyrites mines by diverting from them their most important cus-
tomer. It is not now denied that the new processes can produce soda 
·cheaper than the old Leblanc process, but the latter bas apparently ob-
tained a new lease of life through the increased value of the hydro-
chloric acid, formerly a waste by.product, and the substitution of .the 
one method of manufacturing soda by the other is not likely to progress 
with that resistless rapidity which was claimed for it not long ago. The 
other principal consumer of pyrites acid, taking almost all of the heavy 
quantities under '' pyrites acid for other purposes" in the above table, 
is the great fertilizer industry, whose requirements, it will be n_oted, are 
subject to wide fluctuations. It strongly illustrates the interdepend-
ence of modern industrial mining· and agricultural industries that an . 
important source of the supply of copper should fluctuate through the 
intermediary of two other industries with the requirements of the farm-
ers of Great Britain and other countries for fertilizers. 
The Spanish pyrites companies, recognizing the danger that their 
market might be seriously curtailed, have aided the struggling Leblanc 
soda makers by reducing the price of sulphur in pyrites materially on . 
the contracts renewed in 1884. 
Imports of precipitate and regulus into Great Britain. 
Containing 
Countries. 1880. 1881. 1882. 1883. 1884. fine cop-per (esti-
mated). 
!i~~t::::::::::::::::::: 
Longtms. Longwna. Longton8. Lo;,_g wns. Lona tons. Long tons. 
5,358 8,144 7,301 8,873 7,161} 22,608 20,482 21,647 21,398 28,962 "27,621 
14,659 8,116 10,882 6,384 10,699 4,815 
Other countries . ........... . 4,502 6,309 9,716 13,509 16,929 7,618 
Total ................. 45,001 44,216 49,297 57,728 62,410 ................. 
Pure copper ............... · I 24,772 25,110 27,205 32,597 34-, 172 .................. 
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By far the greater quantity of the material enumerated as coming 
from the Peninsula is precipitate, only a comparatively small part of 
the product being "regulus" or "matte," as we are accustomed to call 
that furnace product. All of the Chili imports are regulus. Among the 
'' other countries" the United States, of course, are beginning to take 
the leading part. For 1884 the quantity is estimated to have contained 
2,722 long toris fine copper. 
The third source of supply of the copper metallurgical industries of 
Great Britain is ore, from the following countries, as enun;ierated by the 
latest Board of Trade returns: 
ImpO'l'ts of copper ore into Great Britain . 
• 
Quantities. Values. · Average value per ton. 
Countries. . 
1882. 1883. 1884. 1882. 1883. 1884. 1882. 1883. 1884. 
----------
Long Long Long 
tom. tons. tons. 
Italy ..... ...... ... . . .. . 12,600 9,403 11,100 £82,822 £66,893 £53,146 £6. 53 £7.11 £4. 79 
Venezuela. . ... ....... ... 25,630 31,844 25,900 190,387 214,191 159,520 7.43 6.73 6.16 
Bolivia. . ................ 3,714 1,029 2,067 46,794 13,354 18,200 12. 60 12.98 8. 81 
Chili .................. . 362 ], 062 245 5,902 13,991 4,880 16. 33 13.17 19. 92 
Cape of Good Hope .... 19,052 19,917 22,330 381,019 352,630 343,671 20.00 17. 71 -15. 35 
British North America.. 15,163 10,876 2,067 90,218 65, 062 9,000 5 .95 6. 04 4.35 
Other countries ........ 26,652 31,748 60,505 238,162 368,895 789,627 8. 93 11.65 13. 05 --
105, 879 1124, 214 
--- - - -
10. 35 /11. 09 Tota.I ore . .. ...... 103, 2113 1, 035, 304 1, ~95, 616 1,378,044 10. 02 
Total pure copper . 15,489 15, 880 24, 842 . - .. --... -. . -- .. --. -- ....... , ....... 
A.verage percentage .. . 15. 00 1o:oo-1 20. 00 ... .. ..... ·1 ......... . ·-- ------- .......... ........... · ------
I 
In this instance, t-00, the official Board of Trade returns have not kept 
pace with the latest develop men ts, and the most important shipments 
in 1884, those from the united States, disappear in" other countries." 
An e timate place the contents of fine copper at 11,023 long tons. 
For 1883 the pecial return already alluded to shows the receipts to 
have been 10,732 tons, almost exclu ively the product of Montana, esti-
mated to have contained 4,940 tons fine copper. Norway sent 3,382 
tons, Portugal 1,822 tons, Spain 2,271 tons, Algeria 5,161 tons, South 
Au tralia 3,756 tons, and Peru J ,334: tons. The decline in the values 
of the low-grade ore i well illustrated in the above table. The richest 
material, of cour e, is dependent more upon grade, and the average 
value of the hipment from other countrie is affected by the particu-
larly high grade of the new American supply, much of which, too, wa 
arg ntiferon . 
The chief ource of upply of black copper or "bar ," averaging 96 
per cent., i hili, the United tate having, however, begun to con-
tribu1 copp r in thi form. etined opper comes chiefly from u -
alia g ing to L ndon. Th following figure will show how largely 
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these two countries participate in furnishing the manufacturers of Great 
Britain with raw material: 
Imports of copper, wrought and unwrought, into G1·eat B1·itain. 
Countries. 1880. 1881. 1882. 1883. 1884. 
Long tons. Long tons. Long tons. Long tons. Long tons. 
Chili ........................... ... ...... 24,258 21,019 22,585 22,799 22,843 · 
Australia . ............ ....... .............. .. ......... 9,406 9,150 8, 152 9, 531 9,329 
Other countries ..... ...... . ... ..... ..... 2,845 2,001 4,772 3,323 7,643 
---___ , ----
Total ............ · ................ - . 36,509 32,170 I 35,509 35, 653 1 39,815 
The receipts from Aus~ralia were derived from the different colonies · 
as follows in 1883: New South Wales, 6,729 tons; South .Australia, 
2,442 tons; Victoria, 261 tons; and Queen~land, 98 tons. Among the 
"other countries," according to the special return of 1~83, the United 
States occupied the first rank, with 1,866 tons; Spain contributing 437 
tons, Peru 291 tons, and France, Turkey, Japan, Argentine Republic, 
and others, smaller quantities. 
Messrs. James Lewis & Son, of Liverpool, estimate as follows the im-
ports of other than Uhili copper into Liverpool and Swansea during the 
years 1882, 1883, 1884: 
Imports of copper other than from Chili, at Liverpool and Swansea. 
Sources. 1882. 1883. 1884. 
· Tons fine. Tons fine. Tons fine. 
From United States.. . .............................................. 745 9,410 17,309 
Canada .....•...•••.•• - • . .. . . . . . . .. .. . .. . .. . . . . . . . . . . . . . . • . . • . 347 448 266 
Mexico . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 372 489 291 
P eru . . ........ ·..... . ... .. . . • . . . . . . . . . . .. • . . . . . . . . . .. .. .. . . . . . 821 426 408 
River Plate ... . . .............................................. 260 319 131 
f:E:~;~~-r~;~:::::::::::::::::::::::::::::::::::::::::::::::: t m I: m :J!t 
i!tr:;::~;:~~t/LL/t\HLHE ::iii ::ii ::Hi 
Elsewhere . . . . . .......... ...... ...... ... ... . .. .. . . . . . . . . . . . . . . 925 946 264 
Precipitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 757 11, 249 10, 009 
1----1----1- --
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 459 38, 437 43, 023 
The bulk of the A.ustralian copper goes to London, and is not, there-
fore, included in the above statement, which is particularly interesting 
as showing how heavy were the receipts of material from the United 
States, the bulk being from Montana. A good deal of the latter has, 
however, also gone to France and Germany. 
Turning now to the exports of copper and its manufactures, it is of 
interest to note, aside from the volume of this movement, its direction, 
fl,S revealing who the principal custoJ1+ers of Great Britain are ; 
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&ports of British copper (ingots, bars, and slabs) frorii Great Britain. 
To- . 1881. 
Long tons. 
i~na::t:::: ::::::: ::::: :::::: :::: :: :::::::::: :::::: t: m 
Belgium . . . • • . . . • . . . • • . . . . . . . . . . . . . • . . . • . . • • • • . . . . . . . 1, 869 
. France . . . . . . .• . . . . • . . ... . . . .•• • . . • . . . . • . . . . . . . . . . 7, 172 
British India . . . . . . . . . . • . . . . . . . • . . . •• . . . . . • . . . . . •• . . . 1, 069 
Ot,her countries....... . . . . . . . . . . . • . . . . . . . . . . . . . • • • . . . 2, 211 




























The continent of Europe is the greatest consumer of unwrought cop-
per in bricks and pigs, the bulk of the quantities enumerated under 
" other countries " going to Italy and Austria. In addition to this there 
were exported in 1883, according to special return, 11,178 tons of foreign 
copper, of which Germany took 3,057 tons, Holland 2,872 tons, Belgium. 
954 tons, France 2,180 tons, British India 1,087 tons, and Russia 530 
tons. 
Exports of w1·ought or manufactured copper from Great Britain. 
To- 1881. 
Long tons. 
i;t;;i~_:::: :: ::: : ::: :: ::: :::: :: :: :::: ::::::: ::: : : : : l, m 
France............................................... 612 
ltaly ... ...... ...... ...... ..... . .•.... .......... .... 436 
li~\i~i): ):::::::: :::::::::) :::::: :\. t lli 







































The most interesting figure in this table is that proving the heavy 
increa e in the shipments to India, confirming the impression generally 
prevailing that the merchants in that country have been induced by 
th . d cline to tock heavily. How far they have anticipated future 
want i not known. It i to be noted, however, that American refiners 
have made succe ful efforts in thi market. 
It i a curiou fact, which i not widely known, that the heavy con-
umption of India i due largely to a religious rite of the native . At 
c rtain ea on of the year mall cups of sheet copper about an inch in 
diameter and an inch and a half deep are filJed with rice, and are 
thrown into the rivers a an off ring, with religious ceremonies. The 
quantity of copper thus annually con urned is very heavy, India 
beet being an important article of commerce. 
Exports of manufactures of brass from Great Britain. 
To- 1881. 1882. 1883. I 1884. 





Lorg tons I Lmg ton,. 
4, 830 ,5, 337 
. 
COPPER. 363 
Exports of yellow metal from Great Britain. 
To- 1881. 1882. 1883. 1884. 
Long tons. Long tons. Long tons. Long fom. 
British India . . . . . . . • . . . . • . . • • . . . . • • . . . . . . • . • . . . • . . . . 7, 12'1' 8, 849 10, 486 · 10, 494 
Other countries............................ . . . • • . . . . . 9, 521 9, 304 9, 268 8, llt3 
Total. ...... : ................................. . 16,648 18,153 19,754 19,337 
The 1883 special return shows that 4,252 tons went to the Continent, 
Italy taking 920 tons, Germany 905 tons, Norway 662 tons, Holland 506 
tons, France 374 tons, Belgium 228 tons, and Sweden ~03 tons. Hong· 
Kong received 1,608 tons, Asia altogether taking 12,792 tons, while 
Australia bought 7 48 tons, and North and South America 1,832 tons, 
of which 781 tons came to this country. 
OhiU.-Little that is positive is known as to the capacity of Chili's 
producers to resist low prices. The two English companies working in 
that country, the Oopiapo and the Panulcillo, do not sufficiently repre-
sent the average condition of the· great number of the producers to 
admit of any deductions from their published annual reports. The fol-
lowing statement of the exports of copper from Chili will best serve to 
show what has been the record of this country for a long series of 
years: 
Exports of copper from Chili. 
Years. Tons. Years. Tons . 
• 1855...... . . . . • . . • • • . . . . . .. . . . . . . . . . • . . . . . . 20, 250 1870...... . • • • • • • • • • . . . . . . . • • . . • • • • • . • . . . . 49, 130 
1856....... .. . . . . . .. . . . . . . . .•. . . . . . • . . •. . . . 21,938 1871....... ••• •. . .. . . . . • . . . • . . .• . . . . . .. . . . 41,200 
1857............ . .•.•....... .......... .. • . . 25,498 1872. .. . . . . .. . . . . . . . • . . . . . . . • . . •• . . . . .. . . . 46,337 
1858 . ............ .. .... ............ . . . . . . . . 30, 470 1873.......................... . . . . . . . . . . . . 42, 165 
1859............ . . . . • . . . • . . . . . . . . . . . . . . . . . . 28, 250 1874...................................... 48, 240 
1860 .. ..... ..... ...• . ...........•.......... 36,289 1875 .•............••••.......... · ......... . 45. 430 
1861 .... ..•••......... •.................... 38,371 1876. .. .. •. .. . . . . .. . . . .•...... ...•.. .•.•.. 50,740 
1862 . .... . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 43, 100 1877. • • . . . . . . . . . . . . . • . . . . . . . • . . . . • . . . . . . . . 45, 400 
1863 .••..•..... ·••• •· ...................... 32,540 1878....... .. . . . .............. ... . . . . .. . . . 46,770 
1864..... ... ... . ..•.. .... .. . . . .. .. .. . .. . . . 47,500 1879. ••. . . •. . .. . . .•........ • ... .•. .. ... . . . 49,390 
1865. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 327 1880. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. 42, 990 
1866 . ......... : . . . . . . . • . . . . . . . . . . . . . . . • . . . . 44, 82~ 1881. .....•............•. : . . . . . . . . . . . . • • . . 38, 030 
1867 .. ..... .. .•.............•...•... .. ..... 44,654 1882..... .• . . . . . . ..•.... ... . . . ...... ... ... 42,960 
1868 .. ....................... ......•. .••... 43,669 1883............ ......... .. . . . .... .. •..••. 41,229 
1869. ... .. . .. . . ...... .....•. .•. .... .. ... ... 54,867 1884....... .. . .. .••• .. . • . .. . . . .•.•.. ..•. .. 43,700 
The principal reason why lower prices have had no effect in curtail-
ing the outpu~ o( Chili in 188~ has been that exchange bas declined 
almost as heavily as the price of copper. When in January, 1883, 
Chili bars were quoted at £66 10s. in London, the rate of exchange in 
Valparaiso was 37d. In December, 1884, when Chili bars were s·old at 
£47 5s., exchange had fallen to 27½d., thus showing a decline in the 
latter of 26 per cent., and in the value of copper of 28 per cent. In ad-
dition to this tbe export duty on bars has been repealed, amounting to. 
about one quarter of 1 cent per pound, and otb~r burdens bave
1 
been 
lightened, which, together with that exemption of export duty, foot up 
in yalqe to &bout o{le·4alf of 1 cent per poun<l, 
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Spain.-Almost the entire copper product of Spain and of Portugal 
i taken from the great pyrites mines of the Peninsula and is shipped 
in two forms-not counting a small quantity of" regulus" or matte-
as precipitate and as crude pyrites which is used for the manufacture 
of sulphuric acid, the copper, silver, and gold being extracted from the 
residues. The Spanish export sta.tistics show only the exports of 
"cobre en barras," presumably giving the gross weight of the precip-
itate, and the exports of pyrites, the copper contents of which appea,r 
in the import sta~istics of Great Britain and in the statistics of pro-
duction of France and Germany. 
Exports of precipitate and pyrites from Spain. 
Years. 
1878 ........................ . 
1879 .•••....•......•......... 
1880, ......................... . 
1881. .•••......•............. 
1882 .••. ·•·•·•·····•· .....•.. 
1883. •·····•·· ...••... - - .... . 
1883 (eight months) ........ . 





















The only explanation as yet received in relation to the falling off in 
shipments as revealed by the figures for the first eight months of 1883 
and 1884 is that the cholera scare may have delayed exports. . 
An interesting estimate of the actual output of copper in the Penin· • sula, including tbe fine copper both in precipitate and pyrites, has been 
made by Messrs. H. R. Merton & Co., of London, who place the product 
as follows: 
Cop11er production of Spain and Portugal. 
Mines. 1883. 1882. 1881. 1880. 1879. 
~t~~t1 i~~8f !. : : : : : : : : : : : : : : : : : : : : : : : : : : : : Long tons. Lonr, tons. Long tons . . Long tons. Long tons. 20,472 17,389 16,666 16,215 13,751 9,800 0,000 10,203 9,151 11,324 
Ma on & arry (Port.) .•.•..... . ... . ..... . .. . 8,000 8,000 8,170 6,603 4,692 
J~~~:f ~~!ir:~::::::::::::::::::::: :: : : : : 2,026 1,885 1,340 1,705 1,360 2,357 1,700 1,410 1,000 770 · 1,.000 800 800 800 800 --
Total ... . ..... ·-· . .. .. . . . ... . .. .. .... . . . 43, 655 1 38,774 38, 589 1 35,474 32,697 
The have more than any others excited "the interest 
on ac ount of their rapid development, which it 
i w 11 kn wn ha n t et r a ·heel it maximum, on account of the un. 
ht ~dly norm u quanti y f re available and the low co t of pr -
ducti n. On th latt •r point w p , om figure,, compiled by M. 
an min nt r ncll mining engineer wbo made an ela o-
COPPER. 365 
rate report in the year 1883. With the old method of extraction by 
roasting in heaps, leaching with water, and precipitating with cast iron, 
he places the cost at which the ingot copper can be placed on the Lon_ 
don market at £30 per ton, assuming that only one.half of the ore used 
bas been_ taken from the open-cut working8, ~here it can be obtained 
more cheaply. The Doetsch process, it appears, effects a saving of 
about £4 per ton of copper. Even a_ssuming that only 15,000 tons of 
copper were produced, and that that part. of the business was forced 
to provide for the fixed charges of the company, say about £12 per ton, 
the miner could thrive with Chili bars below £50 in London. It is not 
therefore likely that there will be any decline in the output of the Rio 
Tinto mines. 
The production of the Rio Tinto mines for a series of yAars has been 
as follows: 
Years. 
1877. -··. - •• ·- - .. ··- ..... .. .. .. 
J878 •••••••••...•••••.•.•. .. .• . 
1879. ••·••••••· .•.. •••••• ..... . 
1880 ••••.••.•••.• _ •••.• • . . . • .. 
1881 .••.•••••••••.••• ·••••· . •• . 
1882 ...•.•.••..•...••.. ·• ···· • . 
1883 .••.•••••••.•••••.• • ...•... 




































. of pyrites corinet~ ~ill· 
m England• ore mined. 
Germany,etc. 
Long tons. Per cent. 
...... 236: 849 -: : : : : : : : : : : : : : 
274,201 2. 619 
256,827 2. 750 
292, 826 2. 805 
288, 104 2. 956 
·The production of copper hy 1ocal treatment at the Rio Tinto mines 
was as follows since 1876: · 
Production of metallic copper at Rio Tinto.-
Years. 
1876 .••..• •• ....•••..• •••.••••....••••••••. • . 
1877 . .......••...•.......• • .••. • •• · ····•· · ·•· 
1878 . ... ............ .. .. . ............ . ...... . 
1879 . ......•.•.•.•..... • •.•. ·· • •·· .....•.... . 
1880 . . • . ......• . •............ . .•....•.. ·•••·· 











In the annual report of the company for 1883 the statement is made 
that the works for the manufacture of copper are being laid out to reach 
in a few years 20,000 tons of 21 hundredweight8, or 23,500 short tons. 
This enormously rapid increase was not obtained without a heavy ad-
<litional outlay, the growth of which the following table sets forth. · 
The third column, " creditors," is made up of current and open accounts 
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and bills payable. It is added merely to serve as a guide in. showing 
why the share capital and the bonded debt were increased: 
Years. • 
1879 ................••.•.•.................................. 
1880 ....................................................... . 





















The "profit on sale of produce," the net profit, and the dividends 
paid were as under for a series of years : 
Years. 
1879 .••••••••.•. ·•••••·•••••••••••· .•.••••••••••...••••..••..•..•••. 
1880 .••..••••• •••••••••••• •••••••••••.•••••••••.••••••.•.•......•••. 
1881 .•••••.••••••••.••.••••••••••••••.••••••.•••••.••..•..••.••••••• 
1882 .••...•..••..••.•••••.••..•.•••.•.•.. ·••··••· ...•••......•••••. 
1888 ................................................................ . 
Profit Divi· 







£114-, 419 £112,500 
181, 788 180, 000 
a405, 456 895, 000 
477, 184 455,000 
450, 678 455, 000 
a Including .£80, 000 reserved from premiums on new issue of shares. 
During 1882 and 1883 the dividends were at the rate of 14 per cent. 
on tbe nominal value of the shares. The usual interim dividend was 
£195,000, which has this year been reduced by £32,500, to £162,500. 
In 1879 there were outstanding £882,480 of 7 per cent. bonds, the bal· 
ance of about £2,000,000 bonds being security for the floating debt. 
The e were replaced by an issue of a more favorable character. In 
1 1 the bare capital was increased by 100,000 shares, which pro· 
due d £2,364,550, and with which the outstanding balance of the 5 per 
cent. pani h coupon bonds were paid off at a cost of £1,734,600, leaving 
a urplu of £629,950. This did not prove u:fficient to clear off the float· 
ing debt, so that the company bad still to borrow £200,000 to cover the 
d ficiency, besides what was required for working capita}. Further 
additions to plant were made, and in 1883 it was decided, in order 
to con olidate the floating debt (then about £680,000), to provide 
a workin()' capital, and to obtain funds to complete works, to create 
£1,200,000 , econd·mortgage brmd . The company mu t therefore pro· 
vide for iutere t n over £3,500,000 bond , and earn fair dividend on 
£3,25 ,00 .-bare capital. Before any money can be applied for clivi-
d nd on th latt r , pr fit of ab nt 50,000 mu t be made annually. 
n tll oth r hand the c mpany ha d v lop d ore re erve e timated 
at 100, 0,0 0 t n , and ha accumulated heap from which copp r i 
gr dually being xtra t 1, wbich ar k1)own to contain 40,000 long toue 
· f copp r, t nding in the book at a co t of £6 7 s. 6d., on which the 
onl co ti that of pr cipitation, e timat d at £15 per ton. 
The history and the pre ent condition of the Rio Tinto Oompany 
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have been dwelt upon because it is the greatest of the pyrites mines 
of. the Peninsula, and is their best representative. The Tharsis com-
pany is the next one in importance. The amount of ore raised from 
the Tharsis and Calanas mines was 490,033 tons in 1883, against 486,860 
tons in 1882, the shipmentA of pyrites being 186,366 tons of lump and 
15,952 tons of smalls in 1883, against 218,218 torn;; in 1882. The quan-
tity of precipitate shipped was larger in 1883, being 6,717 tons in that 
year, against 5,534 tons in 1882. The production of iron ore was 196,475, 
of which 179,811 tons were invoiced. The net profits of this enormous 
business were £355,689, including a balance, carried forward from the 
preceding year, of £21,197. Ont of this, a dividend of £323,032, or 27½ 
per cent. on the capital of the company, was paid, carrying £10,000 to 
the reserve fund, and a balance of £22,648. Since operations were 
commenced in December, 1866, the gross profits of the concern have 
been, in seventeen years, £4,771,148, or, roughly; $23,150,000, which has 
been appropriated as follows: £3,324,354 dividends, £684,578 written 
off:' for property and plant, £471,568 for salaries, management,,interest, 
and bad debts, £100,000 for sinking fund for railroad and docks, £10,000 
for alteration of railroad, and £i6o,ooo for reserve fund. The capital 
has steadily increased from £300,000 in 1868 to £785,071 in 1869, £838,797 
in 1870, £900,000 in 1872, £1,136,660 in 1879, ~1,143,560 in 1882, and 
£1,174,660. in 1883, at which figure it now stands, 37,670 shares, at £2, 
being still unissued and held for emergencies. The company· had a 
debenture debt on December 31, 1883, of £279,100, of which £143,Hl0 
have since fallen due, and have been paid, leaving the amount of out-
standing bonds £66,000, bearing 5 per cent., and £70,000 bearing 4 per 
ceTlt. interest. 
Portugal.-The principal mines in Portugal are those of the Mason 
& Barry Co., limited, the San Domingos, which is in many respects simi-
lar to the Rio Tinto deposit. The company which succeeded to the 
bm,iness of the firm of Mason & Barry has a capital of £2,100,000, of 
whicb 185,164 £10 shares have been issued. Since 1878 it has distri-
buted among its shareholders £1,095,177 in dividends out of a total net 
profit of £1,289,653, having paid during the six years £60,868 interest 
on mort,gage debentures, having written off £223,673 for property, plant, 
and open cost at mine, £60,000 for good will and leases, invested 
£23,943 in consols, placed £135,000 to the credit of rest account, from 
which £50,000 were t,ransferred to profit and loss account. The product 
of the mine was 405,029 tons in 1882 and 382,555 tons in 1883, of whicl.t 
129,437 and 123,450 tons of pyrites were shipped to sulphuric-acid 
makers, the company having works of .its own in England. The bal-
ance of the product was worked for copper on the spot, the quantity of 
fine copper made not being· stated, however. There are now 2,000,000 
tons of ore undergoing extraction. The profit for 1883 was only 
£195,993, as compared with £276,719 d·uring the preceding year, and 
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£50,000 were transferred from the reserve account to make up the usual 
dividend of 12½ per cent. per annum. 
Germany.-Furtber progress bas been made during the year 1883 in 
the output of the production of copper in Germany. Official statistics 
are now gathered for the entire empire and these have been adopted 
for the years 1882 and 1883. I·t is presumed~ however, that they do not 
include the product of the Hamburg electrolytic works. 
Production of copper in Prussia and in the Mansjel-d district. 
I Mansfeld Years. Prussia. district. 
Metric tons. Metric tons. 
1875. · -- · 7,212 6,283 
1876 ... .. 8,235 6,908 
1£77 ..... 8,661 7. 971 
J.878 .... 9,096 8,546 
1879 . ·--· 10,105 9,813 
1880. ··-· 14,593 10,999 
1881 .... 15, 702 11,000 
1882 . .. -· a16, 653 11,691 
1883 ... . . al8, 194 12,836 
a German Empire, assuming matte produced to carry 50 per cent. of copper. 
The product of the Mansfeld district, practically the yield of one 
very large corporation, has been specially given because, outside of tlrn 
Rammelsberg mine, it is the only concern working an important deposit. 
The balance of the copper product of the empire is outaineu partially 
from the extraction of the metal from the residues of roasted imported 
fron pyrites and from a scattered quantity of ore obtained as a by prod-
uct in mining for lead and zinc. A considerable quantity of Spa11iish 
and Portuguese precipitate i refined by one large copper-rolling estab-
h hment. 
The Man felder Kupferbauen<le Gewerkschaft, one of the great 
copper producer of the world, hoisted from its narrow bed of cupri~-
erou bale 536,0 6 tun of ore, an<l made from it 36,687 metric tons of 
matte, which in roa ting yielded ·a by-product of 17,487 tons of sul-
phuric acid. It turned out 12,836 metric ton of fine copper, and 64,463 
kilogram of ilver, a,nd made a profit of 3,mH,699 marks in the year 
1883. Referring the entire profit to the copper alone, tbis sum repre-
ent a profit of 3.2 cent per pound of ingot copper, or £15¾ per 
long ton, so that the decline of the year 1884 does not reduce the 
earning below it expenditures. The company is manage<l with the 
•l ·t conomy, and with a con tant watchfulne8s so far as the tecbni-
al d tail f mining and m talluro-y are couc rned; and it i not too much 
t aytbatwithoutth exer i eofth epr cautionstb mine woulclhave 
b n bando d year , in , a the bituminou shale boi ted does not 
verage m r th n 2. 5 p r cent. of copper, and 0.015 per cent., or 4.37 
oun · f ilv r p r ton. 
Tb xport movement fr m ermany may be traced from the fol-
lowing general table: 
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.Exports of coppei· and copper manufactu,·es from Gerniany. 
Character. 1879. I 1- ~I 1~2. 1883. 
j][etril! tons. lMctrtc tons. Jlletric tons. JJ[etric tons. Metric tons. 
!ngot copper and brass . .. .. ........ .. ... !J, 887 I 7,204 I 7,704 6,097 5,751 
Copper rods, sheet, and wire .......... .. 8,200 i 3, 0£8 I 5,130 1,997 2,058 
Manufactured copper .....•...•......... 2,972 4,195 ! 4,737 3,854 3,868 
Total. .....•............... -••..•. · 15, 5591 15, 3271 17,571 11,948 11,677 
Official statistics, kindly prepared specially at the request of the 
United States Geological Survey by the imperial German Bureau of 
Statistics, give the destination of the exports of copper as follows: 
Destination of exports of copper f1·om Germany. 
Ingot copper. 
I 
Sheei and rods. Wire and telegraph cable. 
Destination. 
1882. 1883. I 1882. ! 1883. 1882. 1883. 
Met1-ic to1is. Metric tons. Metric tons. ,Metric tons. Metric tons. Metric tonh'. 
Bremen .......••.••... . . .. .. . . .. -.... - .. . .. . -.. ... --. 62 30 ............... 8 
fi~:!~aur~::::::::::::::::::: 373 126 174 263 34 38 325 142 154 297 40 47 
.Austria ................. .... 3,788 4,492 93 127 47 136 
France ....... . .............. 349 119 26 ................. 24 17 
Bel~ium .. . ................. 784 422 136 18 9 10 
N P-therlands ............... . 190 138 356 123 JOO 109 
Great Britain ............... ................ 96 .. --... -- .. ~ ... 45 68 63 
lt.aly ...... . ............... ................ 79 138 138 35 58 
Other countries ....•...•••.• • 286 137 270 339 251 193 
Total ............. .... 6,095 5,751 1,409 1 1,380 608 679 
In addition to these exports Germany shipped to other countries m 
18821,066 tons, and in 1883 955 metric tons of" coarse" copper and brass 
forgings and tubes, 203 and 187 tons, respectively, of copper-nickel 
and brass wire cloth, and 2,584 and 2,725 tons, respectively, of light cop-
per and brass forgings. In the aggregate its exports of ingot copper 
and manufactures of copper_ and brass were 11,948 tons in 1882 and 
11,677 tons in 1883. 
The difficulty usually encountered in tracing t,he import and export 
movement of Germany, growing out of the fact that Hamburg is a free 
port, is enllanced in the case of copper, because there is a local reduc-
tion works, the product of which is not known, and which is not re-
turned in auy statistics. Treating ores and furnace material by the 
electrolytic process, it might be believed that the special returns of ar-
gentiforous and anriferous material might furnish a clue, but unfortu-
nately Hamburg is the port of entry of the foreign material treated at 
the Mansfeld works. In 1883 812 tons of argentiferous ore and 575 
tons of argentiferous copper were imported. A part of the latter may 
have gone to bluestone works. From a statement of the quantity of 
copper deposited daily by the electrolytic process at the Hamburg 
works, it is estimated that its output is 750 metric tons per annum. 
Still the exports via Hamburg and Bremen are comparatively light, 
2MR--24 
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as the table given proves, and the general result is not -much affecteu. 
It proves that Austria receives the bulk of the exports from Germany 
so far as ingot is concerned. To what extent 'this is merely material in 
transit it is difficult to ascertain so far as the raw material is concerned. 
Germany is a considerably heavier importer than exporter, while on 
the other hand it exports more manufactured copper than it receives 
from other quarters. As is usually the case, its exports of the more 
finished products are much more widely scattered, going in small quan-
tities to many different countries. The following table gives the im-
ports of copper and copper manufactures into Germauy. During the 
present year the United States have contributed a larger share, nu-
merous sample lots of ingot copper and of copper matte having gone 
to Germany, which also receives considerable Lake copper, directly 
and indirectly, froni England and France. The exact figures for the 
· direct shipments are not available, while those indirectly made c_annot 
be traced. 
I11iports of oopper and copper manuf aotm·es into Germany. 
Character. 1879. 1880. 1881. 1882. 
Metric tona. Metric ton~. Metric tona. Metric tons. 
Ingot copper and brass ...........................•.. 13,378 12,719 11,372 10,579 
Copper rods, sheet and wire ......................... 608 770 437 2SO 
Manufactured copper ..•............................. 1,201 1,015 1,119 1,015 
Total .............. .. .......................... 15,187 14,504 12,928 11,824 
Gape of Good Hope.-;-Regular contributors to the world's markets for 
many years past have been the mines of the Cape Copper Company, 
limited, an Engli b corporation which has been exceptionally successful. 
The principal producer at the present time is the Ookiep mine, which 
in 1882-'83 yielded 15,827 tons of 28.6 per cent. ore and in 1883-'84 
15,588 ton of 29.23 per cent. ore, while 1,728 tons of 37.56 per cent. ore in 
the former year, and 1,800 tons of 39.16 per cent. 0110 in the latter year 
were raised from the Specktakel mine; the Springbok, the early won-
der of the di trict, b ing now practically exhausted. 
The company ba it own ,'melting works in England, and turns out 
annually from 5,000 to 5,300 long tons of fine copper. The net profits 
in the fi cal year 18 2-' 3 w re £145,465, and in the last year £101,135, 
th co t of produ ·tion varying little from £207,000 annually, or 8s. per 
uni quivalent to £40 in Ohili bar . So long a the reserves of high-
grade ore la t the company. will remain a steady producer of metal. 
The yield in 1 4 is ti mated at 6,699 tons of fine copper. 
one of the 1 ha , of the new German colonial .policy, attention 
of German adv nturer ha be n dir ct d to the copper resource of 
An ra P qu ila, and xplorati n i now going on in a vigorous manner . 
..Australia.-Th principal i.ncrea e in the output of the Au tralian 
oloni b ow from .J.: w South Wale , South Australia barely hold-
ing it wn, a the f llowing figure , compiled from variou ources, 
. show: 
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Flxports of copper and f1.trriace productB from the AuBtralian colonieB. 
South Australia. New South Wales. Queensland. 
Years. 
Ingots. Ores. Ingots. 
Lon.r; ton.~. 





1871... •. .••••• .••••• ..•. .. . . . . . . . . . • . . 6,396 20, 127 1,350 
1872 ........... ...... ........... ..... .. 7, 4G2 26,964 1,035 
18•3 ........•.• ··•···•· •·•••·•·•···.... 7,087 27,382 2,795 
1874. ..•....••• ...••• .••... ..•. .••.. .. . 6,629 
1875 . . • . . . . . • • . . . •• •• . . . . . . • . . • • . . • . • . . 6,842 
18i6 ..... ··•··•·••· .••••. ·····• .••.. .. . 5,463 
!2. 854 3,638 
26; 436 3, 5-20 
22,682 3,106 
1877..... ...• .. ••••••. ••. . •••.•.....•.. 5,143 18,532 4,153 
1878 .. ... ...•.••••..••...•. .••... •.•.•. 3,594 17,007 4,983 
1879...... ..• .• •••••.• •• . . . •. . • • . . ••• •. (1) 
18so ············ -'· ····················· 1n 
1.881.................................. (1) 
1882 . ..•........••••..•...••.•. ···•·•·• 3,647 





25, g97 4,865 






























................. . . 
a98 
a Receipts in England i.Jt 1883. 
The principal mine in New South Wales, and one which has been 
exploited for a long time, is the Great Cobar, which in 1883 made 2,401 
tons of fine copper from 18,096 tons of ore. The mine inspectors report 
that it has'very large reserves. The Nymagee Company produced 1,714 
long tons of fine copper from 10,236 tons of ore, and the Burraga 520 
tons from 6,150 tons of ore. How far these mines will be able to outlive 
low prices, with the limited transportation facilities now at their service, 
and the frequent troubles from drought, cannot be stated, since no re-
ports concerning their :financial affairs are available. It is certain; how-
ever, that the growing activity in prospecting in the colony will be 
checked. 
In South Australia the business report of the English and Australian 
· Copper Company, owners of the Burra .Burra mines, clearly reflects 
the distress caused by low prices. For the fiscal year ending June 30, 
1883, the two smelting works of the company, at Port Adelaide and at 
Newcastle, received only 7,683 tons of matte, against 10,715 tons during 
the previous year, the falling oft' being, however, largely due to drought. 
On a product of about 3,452,000 pounds of ingot, the company made 
only a profit of £1,435. 
France.-'I'he following is a statement of the quantity of copper pro-
duced in French works, chiefly from imported ores and furnace material: 
Production of copper (n France. 
Years. 
1870 .•••..••.••••.••.•••••.••••••.••... 
1871 ..... ••••.••.••••.....•...•... .... 
1872 . ... ·· · · ·••·•••••· •.•.••• · ••••• .•.. 
1873 ••.•••..•. ·•·•· · •.........•••..... 
1874 .......•...• ····••· •••.. ····••·••· 
1875 .. . . ..•...•.....••. .••.•. ..•... .•.. 










1877 ...••... ·•··•••· ·•··•·•·•·••··••· 
1878 . ......••. . •..•..••.•••• •••• ---··· 
18i9 ..•.•.........•..•••••• ·••·•••••• 
1880 . . ..•..• . ..• ·•••·•••·•••••• .••. 
1881. .•....•. . ...•.•..•.. .••••. •••••· 








372 MINERAL RESOURCES. 
France is a very small copper producer, but in 1883 handled an un-
usual amount of foreign ore, comparatively speaking, large shipments 
of arsenical medium-grade material having been made to the Septemes 
works, where tbe Manhes copper matte .Bessemerizing process was 
applied to it, with, it is claimed, great success. This ore was shipped 
from Butte, via San Francisco, around Cape Horn. 
While unimportant as a producer of copper, France is a very heavy 
consumer, and is particularly interesting from that point of view to the 
I ,ake producers, taking as it does the bulk of the Lake copper exported. 
According to statistics published in England, the receipts of American 
copper in 1884 were 7,260 long tons ; of Chili bars, ingots, and barilla, 
11,086 long tons, and of copper from sundry sources 337 tons, thus in-
dicating total imports of 18,683 tons. ·one of the principal French 
copper manufacturing industries is art casting, in which the valua 
of the raw material used bears a comparatively insignificant propor-
tion to the value of the fl.dished product. To insure a faultless cast-
ing the very best quality of copper is sought, and Lake has obtained 
a firm foothold in that market. 
The following figures, compiled by English authorities, show the 
magnitude of the French copper trade: 
Tlte Prenck copper trade. 
Yea.re. 
Imports, Imports Imports 
all. kinds of Ameri- of Chili 
direct. can, etc. 
~ ~~~~~~ 
· · • • • • · • • • • • · • • • • • • • • • • • · • • • • • • • · • · • • · • • • • • • •••••• . • • • • • • • • . • . • • • . . . 16, 418 4, 220 12, 198 
1877 •••••• •••••• .••. .••• .• ...... ••••••• ••• .••. ••••.. •••... •• . • • . . . •. . . . . 13,015 4,030 8,985 
11!78 . • . . • • • • • • • • . • • . . • . . . • . . . • • . . • • . . • • • .. . • • . . . . . . . . • • . . . . . • . . . . . . • • • . 13, 094 4, 016 9, 078 
l 79 . • . . . • . . . . . • . • • • . . • . . . . • • • • • . . • • . • • • • • • • .. • . • • .. . . . . • • . . . • • • • • • . • . . 10, 402 4, 6i5 5, 727 
1880 . • •• . .. . . . . •. • . • .•••.•.•.. .•. . •. . • • . . •. • • • .... .• ••• ••• . .. . . . . • •. . . . . 11,818 320 11,498 
1881 ............ ·••••• .••••• ••••••. •• . .•. •• . . ••• •• •••• •• . • • • . ••• • . ••• • • . 16,436 3, 205 13, :!31 
1882 ..•• -.. • •• • •• • • • •• •• •• . • • . . • •• • • .••• •• •••• •• .• • • •• .••••. ••• • • • . • • • • . 13,573 ], 379 12, 194 
1883 . • . • • • . . . • • • . . • . . • . • • . • • • • • • . . • . . • • . • . . • • . • • • . • . • . • • • • • • • • • • • . • . • • • . 20, 894 4, 830 16, 064 
1884 .•••••.•••• - .... •• . • • . .••• •• • ••• •• . • • • . • ••• • • . • • . ••• •• • . . • • • • •• . . • • . 18,683 7,597 11,086 
.Austria.-From official data kindly furnished by 0. von Ernst we 
have compiled the following statement of the production of copver in 
Austria since 1879: 
V r 
b rg r 
Production of copper in .Auatria. 
1879 . .............................. ---··· ..... . 
1880 ·· ········································· 
1881 ............................... ············ 
1882 ············· ······ ...... ...... ···· ·· ..... . 








n -half f thi pro net or 323 tons is produced at the Mitter-
iitt , lzburg. t Witkowitz, Moravia, 112 tons of precipi· 
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tate was made from 149,538 tons of roasted pyrites, partly imported, tlw 
product being sent out of the country to be refined. The balance was 
made at two works in Tyrol, one of tbem, the Brixlegg works, belong-
tng to the Government. · 
The native copper industry is therefore very unimportant, and .Austri,t 
must rely largely for its supplies of the metal upon foreign couutrie:s. 
In 1883 tlle imp·orts were 6,646 metric tons of copper, of which 6,260 t011s 
came from Germany, and onl3" 295 tons by way of Trieste. The exports 
were 515 tons, of which 338 tons went to Germany. The apparent home 
consumption· was therefore 6,712 tons in 1883. 
Hungary.-The latest official statistics available cover the year 1882. 
The production in that year was 672 metric tons, as against 1,036 metric 
tons iu 1879. 
Oanada.-The miners of the Capelton district have continued to fur-
nish to American sulphuric-acid makers a very large sh~re of the pyrites 
used by them, and the cinders, smelted partly at the chemical works 
and partly at the Orford refinery, have been converted into matte from 
which the bulk of the copper reported under that head has been ex-
tracted. The shipmeats to England have dwindled to insignificant 
figures, the receipts a~ Liverpool and Swansea being estimated to con-
tain 266 long tons fine in 1884, against 448 tons in 1883 and 347 tons in 
1882. 
'The efforts to establish a large copper industry on the north shore 
of Lake Superior on depo:sits similar tothoseof the Peninsula have failed 
signally, although heavy amounts were invested in explora~on and 
plant by English capitalists. 
11 ewfound. and.-The Tilt Cove, Bett's Cove, and Little Bay mines have 
evidently, if th·e falliug off in the shipment8 to Great Britain are a cri-
terion of their status, seriously felt the effect of the decline in values. 
In 1884 the receipts in Liverpool and Swansea were only 224 long tons 
fine, as compared with 1,185 long tons in 1883 and 1,362 tons in 1882. 
It should be stated, however, that a large shipment of 1,000 tons of 4 
to 5 per cent. ore was made to t~is country in 1884. 
Mexico.-American capitalists have become interested in a number 
of copper miues, particularly iu the northern part of the country, and a 
number of plants have been put up without as yet producing- notable 
quantities of metal. Some of the copper bas come to American refining 
works, but the bulk of the ores and furnace products go to Great 
Britain, where the receipts were 291 long tons in 1884 compared with 
4ti9 long tuns in 1883 and 372 long tons in 1882. Reports from reliable 
sources, however, indicate that deposits of exceptional magnitude exist 
in Lower California, near Oape Saint Lucas, accessible by sea, so t}lat 
smelting works commanding a comparatively cheap supply of English 
coke would be enabled by working the high grade ores to become 
formidable coutributors to the world's supply. It has been stated that 
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the control of this property has passed from the hands of a Guaymas 
firm to a syndicate of French capitalists. 
Venezuela.-For some years upward of 3,000 tons of copper annually 
have been marketed by the Quebrada Railway, Land, and Copper Uom-. 
pany, an English company, a consolidation of formerly independent 
railroad and mining companies. It works a pyrites deposit, Rbipping the 
higher grade of ores and smelting the lower grade to matte for export. 
The applicability of the Rio Tinto wet methods to tbe treatment of the 
poorer ores has been investigated, but as yet the results have not l>een 
published. In 1882 the sales amounted to 3,415 long tons, increased in 
1883 to 3,589 long tons. The latter product, in spite of the higher prices 
prevailing in 1883, failed to yield a profit, and the Quebrada mines may 
l>e placed among those which will be unable to compete at current figures. 
The receipts from Venezuela in 1884, however, showed no material de-
cline, being placed at 3,675 long tons. 
THE MINES AND REDUCTION WORKS ·OF BUTTE CITY, 
MONTANA. 
BYE. D. PETERS, JR. 
THE MINES. 
The high position that Butte City, Montana, now occupies as a pro-
ducer of the valuable metals, standing second only to Lake Superior in 
H hipmenfs of copper, and ranking among the first in its production 
of silver, has naturalJy attractetl much attention among those interested 
iu mine and metals. Several valuable articles have appeared in cer-
tain technical journals descriptive of some of the individual mines of 
thi ' di trict, but I have yet to learn of the publication of any general 
de cripth-e paper, giving an idea of the geology of the camp, the pecu-
liaritie of its veins, and a trustworthy description of the methods em. 
ploy d for the treatment of its ores. The object of the present paper 
i' to partially fill thi gap; and if it is noticed that less attention is 
paid to the three or four great silver mines and mills that first gave 
Butte it c lebrity than their importance would seem to warrant, it is 
b cause e.xactly thi ubject, to the exclusion of nearly all other inter-
, t , ha receiv u partic11lar attention in the articles already mentioned, 
and because full account of the Alice, Lexington, and Moulton mines 
aud mill are acce · ible to all. 
1'he di.strict.-Tbat portion of th Butte camp which to the pre ent 
tim alone po e p cial int re t to the miner may be mostly in-
do. within the lin of a l'(l ·tanofo having a length of 2¼ miles and a 
b1 ·aclth of 1 mil , roughly 'I> aking. 'fhi rectangle extends from 
ank D dl gulch on th a ·t to a point somewhat below the Bo ton 
olot do ncentrat r on th w t, and fr m the northern extr mity 
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of Walkerville district on the north to the extension of Park street on 
the south. Within these narrow limits are the three great silver mines 
already mentioned, the Anaconda, Parrot, Colusa, Bell, Liquidator, 
Gagnon, Saint Lawrence, Mountain View, Clear Grit, and dozens of 
other noted and productive mines, besides the whole system of silver-
bearing manganese leads, and an almost indefinite number of veins. 
. already discovered, and more or less developed. Outside this small 
area, though there is no lack of prospects, some of which promise ex-
ceedingly well, I do not know of a single property which can yet (au-
tumn of 1884) be classed among the paying mines. 
Geological.-The geology of this rich metalliferous rectangle is at :first 
glance exceedingly simple, consisting apparently solely of a coarse-
grained and very hard granite, containing an undue proportion of quartz 
and mica, and less feldspar than is usual. On closer inspection it will 
be noticed that while in the eastern or cupriferous portion of the area 
mentioned the granite is exceedingly coarse grained and shows no sign 
of stratification, in the western or argentiferoas division the mica pre-
dominates, and is arranged to a greater or less extent in parallel layers, 
approaching a mica schist. So far as my observations extend; the feld-
spar is entirely orthoclase, while both the brown and white varieties of 
mjca,(biotite and muscovite) occur, though in widely varying proportions 
at different points. There is a regular and well-marked connection 
between the structure of the granite and the contents of the fissures 
by which it is traversed; but neither the scope of this paper nor the 
observations at my disposal warrant any further speculation in this 
direction. 
The miners universally speak of porphyry dikes, which run parallel 
with, and usually form the walls of, all the large copper veins that have 
·been opened to any great depth. But in every instance where I have 
been able to examine the matter personally the so-called "porphyry 
dike'' has been found to be merely an altered granite, in which the 
solutions flowing through the vein and saturating its walls to a con-
siderable distance on either side have apparently decomposed the feld-
spar and frequently the mica, leaving the fragments of quartz which 
once helped to form the granite surrounded by, and embedded in, the 
silicate of alumina which now represents the feldspar, and altogether 
yielding a belt of rock parallel to the vein and bearing a remarkable 
rc>semblance to porphyry. In other cases the results of decomposition 
bave been such that the altered granite resembles a :fireclay containing 
angular fragments of quartz. This is often used where refractory ma-
terial is required, and though not equal to a good :fireclay will still 
' tand a very high temperature without melting. Of two bricks made 
from this decomposed granite, one (the smaller) was placed in a white-
llot muffle for several hours, while the larger one. was used as a .support 
under the end of the same muffle for several weeks-a severe test even 
for a good firebrick-and both were removed practically unaltered. 
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But on the bridge wall of a reverberatory smelting furnace a few hours 
sufficed to melt it into a pasty mass, while a Golden City firebrick 
showed only a slight rounding of the thinnest edges. I have given 
these details, hoping that they may undeceive certain inhabitants of 
Butte who are holding these leads of decomposed granite under the 
mistaken impression that they possess a great future value. 
Olassijication of the veins~-As even an imperfect attempt at classifi-
cation is preferable to complete chaos, the Butte veins may be divided, 
for convenience .of description, into two great classes: 
1. Copper veins, carrying more or less silver. 
2. Silver veins, carrying little or no copper, and having a manganese 
gangue. 
One or two of the most noted Butte mines, the Gagnon and its exten-
sions, cannot be classed under either of these divisions, and must be 
described separately. 
The first group embraces the Anaconda, Parrot, Liquidator, Bell, etc. 
The second group includes the Alice, Lexington, Moulton, and many 
others of less note, but exhibiting the same surface characteristics. 
While both the valuable minerals and gangue of these two systems of 
veins are quite different, arnl while each group is geographically toler-
ably distinct from the other, they still possess many featm·es in commo1J. 
For instance, they all traverse a granite formation ; they are nearly all 
accompanied by the zones of decomposed country rock described 
above; they nearly all pitch either perpendicularly or at a very steep 
angle; though they are doubtless true fissure veins, they lack entirely, 
so far a my ob er'\"'ation extends, that distinct demarkation between 
Y in and country which is in ome districts so very striking; nor do any 
of them pos ·e s the clay gouge on either foot or hanging wall, which is 
sometimes of uch an assistance to the miner when drifting on the · 
cour e of the vein. They all, without exception, contain copper and 
ilver, though in widely varying proportions, and most of them contain 
trace of gold. 
The copper veins.-The e u ually appear on the urface as wide bands 
of qua1 tzo ·c rock, much decompo ed and heavily stained with oxide 
of iron. Oarbonat and oxid of copper mostly appear only ~s stains, 
so that, a will be seen, there i little indication of the immen e value 
below. Thi urface ore invariably carrie silver, generally in a free-
milling condition, and in mo ·t of the larger vein in sufficient quanti-
tie to pay for tr atment. In fact, nearly all the mines that are now 
cou ·id r d di tinctly a copper lead , uch a the Anaconda, Parrot, 
tc., w •re fir t tr at d exclu ively a ilv r properties-as aying from 
10 to 60 ounc p r ton, and c :v raging perhaps 2() ounces. This ·urface 
r continu • until th water line i reached, at a depth of from 50 to 
1-0 fe t, when, ithout w rning, it changes at once into the ba e ore 
that now con tit 1t th prin ipal valu of the e lead·. These ore are 
ru h t ind fin.it min r l , r mbliug copp r glance, erube cite, 
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peacock copper, and some irregular compounds of copper, iron, and 
sulphur. Neither the Butte copper glance nor erubescite agrees ex-
actly, either in its physical or chemical characteristics, with the min-
eralogical description of these compounds, and a ca:ceful study of them 
would amply repay any skilled mineralogist. A small quantity of cop-
per pyrites is also found, but though most of the copper ores a~e slightly 
arsenical, I have as yet seen nothing resembling fahlerz (gray copper 
ore). I agree with Mr. William Semmons in considering enargite to be 
the principal source of arsenic. 
The condition in which the silver occurs in the free-milling ore is yet un-
determined. The miners speak confidently of large amounts of chlorides, 
bromides, '' carbonates," and even" oxides" of silver, and it is certainly 
the prevailing impression that most of the precious metal occurs in these 
rare compounds ; but aside from small quantities of chloride of silver, 
I have been unable, either by chemical or physical examination, to de-
tect any of the salts of sihTer referred to, nor have I found. any local 
chemist who has been more successful. Below the water line the silver 
is principally contained in the erubescite and copper glance, very small 
assays being obtained from either pyrite or chalcopyrite. But I am 
also inclined to think that it occurs largely as a thin coating of sulphide 
on the cleavage planes of the peacock ore; as frequently, on breaking 
open such ore masses, the whole plane is found plated with a thin coat-
ing of native silver, which bas evidently resulted from the reduction of 
argentic sulphide. 
Perhaps the next most noticeable feature of the Butte copper veins 
is their great size and remarkable continuity. It is not at all uncommon 
to find the vein 30 feet in width for several hundred feet of its course, 
and filled with ore from wall to wall for its entire distance. I am now 
·referring to. second-class ore, suitable for concentrating, and assaying 
from 5 to 18 per cent. of copper. This grade of ore forms the princi-
cipal value of the carrip, occurring with such regularity and in such 
large bodies that mining is robbed of most of its risks. The first-class 
ore is distributed with little regard for regularity, in chutes, chimneys, 
pockets, kidneys, and every other conceivable form, and on an average 
rnaY. constitute one-tenth of the entire ore. Where the various mines 
differ so greatly in both strength and quality, it is difficult to give 
average figures with any approach to accuracy, but I think I am well 
within bounds in placing th average width of pay ore in the principal 
copper veins at 7 feet. The Anaconda is the widest of any yet opened, 
averaging certainly over 12 feet of profitable ore, and in many places 
widening to 30 and 40 feet for a great distance. In order to show the 
unusual deptll which this eruhescite ore attains in this district, before 
being replaced by the poorer yellow su_lphides which doubtless form the 
normal unaltered ore of these veins, I will mention here that the 800-
foot level of the Anaconda shows no diminution in the richness of the 
ore. (If I remember rightly, t.he deepest point in Chili at which these 
p~acock ores· llave held was in the celebrated Pique mine at a depth of 
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about 500 feet, at which point the rich erube~mite ores were replaced by 
yellow sulphides, averaging about 7 per cent. It seems probable that 
Butte may count on a still greater depth of rich ores.) The Parrot and 
Liquidator also carry exceedingly strong ore bodies, and of remarkable 
continuity. · 
For conyenience of more minute description, the copper veins may be 
classed in two subdivisions: 
1. Those in which the copper is found mainly in the shape of copper 
glance, or a mineral greatly resembling copper glance, though not con-
taining quite the amount of copper called for by the formula CuS. 
2. Those veins in which erubescite is the principal copper-bearing 
mineral. 
The Anaconda and Liquidator are good examples of the first di vision, 
having, as a rule, a gangue rock of quartz and decomposed feldspar, 
and carrying scarcely any other ore, except copper glance and a small 
percentage of pyrite, thus yielding concentrates of a very high grade; 
while the first-class ore, which is now sacked .and shipped to Europe, 
consists entirely of high grade, forming, both as regards quality and 
quantity, perhaps the finest shipping product in the country. The 
Liquidator and Colusa also furnish a very large amount of second-class 
ore, which is sufficiently free fro~ pyrite to concentrate to 30 per cent. 
and over, though in the lower levels, as might be expected, the pro-
portion of pyrite has decidedly increased. 
The second division is represented in its most perfect type by the 
great Parrot vein and its eastern extension, and for some 2,000 feet car-
ries an almost uninterrupted ore chute so far as explored. It is char-
acterized by its high percentage of erubescite, carrying nearly its entire 
copper contents in the shape of that mineral, the occurrence of copper 
pyrites being rare and unimportant. The first-class ore can be easily 
selected to 30 per cent., while nearly the entire Yein, from 5 to 30 feet 
in width, is suitable for concentration, sampling 12 per cent. as the 
average of three years' working. But it is not alone as a copper vein 
that the value of the Parrot must be estimated; it is also a silver-bear-
ing lead of great value, carrying on an average two.thirds of an ounce 
of ilver to each per cent. of copper, while above the water line, to a 
depth of 80 feet or more, there i a fine body of free-milling silver ore of 
great trength and value left untouched. 
The value of nearly all these veins is c®siderably enhanced by the 
fact that to a depth of 800 feet no seriou amount of water has been en-
counter ct, and that where proper appliance have been introduced, 
natural v ntilation utlice to keep the air in a perfectly good condition. 
The country rock is al o of such a quality that no difficulties are en-
counter in timbering, b yond uch a naturally ari e in working out 
an or body f 30 to 40 £ et in width, and which supplies no barren 
m t ri l for fillincr. 
The ec ud gr at divi ion of vein inclnd 




speaking of the formation and mineralogical characteristics of these 
leads, I am fortified by the opinion of Prof. Alvin Weisbach, professor 
of mineralogy at the Freiberg School of Mines, who exa.mined some of 
the mines and ores of this district with me. These manganese veins all 
lie in a small and striotly circu~scribed territory, to the west and north 
of the copper group, and most of them crop boldly to the surfa.ce, form-
ing often large comb-like ridges of brown and black rock, stained 
principally by the oxides of iron and manganese, and showing every 
evidence of thorough decomposition. On closer examination, these 
croppings are found to consist of a more or less prominent quartz skele-
ton, heavily charged with the minerals of manganese known as pyrolu-
site, psilomelane, braunite, and wad. They occur in the order men-
tioned as regards frequency of appearance, the latter being compara-
tively rare. They are almost exclusively in a massive or amorphous 
condition; crystals, or even evidences of crystallization, being almost 
unknown. But as interesting as the occurrence of these extensive 
masses of oxide of manganese in a district otherwise filled with sul-
phides may be to the geologist, they are still more interesting to the 
miner, from the fact that they are, without exception, argentiferous, 
t.hough varying from 3 or 4 to several hundred ounces per ton. The av-
erage value of the selected ore extracted from these leads 111ay be about 
20 ounces, but in what chemical condition the silver occurs I am unable 
to say positively, though I can state with certainty that it q.oes not 
occur either as a bromide or iodide, as seems to be the popular opinion, 
nor in my own investigations have I been able to satisfy myself of the 
occurrence of chloride, except in . traces. 
The percentage of manganese varies as greatly as does the silver value, 
and unfortunately stands in an inverse ratio to it; the massive ores of 
manganese seldom containing more than a few ounces of silver, while 
the ores rich in silver have, as a rule, a gangue of quartz rather than of 
manganese. This is a serious drawback in smelting, for as quartz pre-
dominates in nearly all the Butte ores, an addition of manganese would 
be a most welcome flux. A few analyses of these ores will illustrate 
the above statements. 
A sample of surface ore from the Nile mine, which represents fairly 
the better class of manganese ores, was found to contain: 
.Analysis of manganese-silver ore-No. 1. 
Percent. 
Oxides of manganese .••...•..•.•••••.•••••.••• •• 
O~des of iron .................................. . 
~~~~-::::::: :: :: : : ::: : : : :: : : :·: ::: :::::: ::: : : : 
Silver (32 ounces) ..•••••..•••••.•.•••....• .•.... 









380 MINERAL RESOURCES. 
A massive piece of manganese ore (a mixture of braunite and psilome-
lane) from unknown mine contained: 
Analysis of manganese-silver ore-No. 2. 
g~~:: m~i~~~~:~.e.::::::::::::::::::::::::::: 
Silica ..•..........•.......................•..•.. 
Silver (9 ounces) ..••.•.. : .••......•....•.•..••.. 








A mill sample of a 20. ton lot of ore from a noted manganese mine 
near Butte, stoped at a depth of about 40 feet .from the surface, con- , 
tained: 
Analysis of manganese-silver ore-No. 3. 
8~!i:: ~I g;:~~-~~.8.~:::::::::::::: : :::::: :::::: 
Silica ...........•...•••••....................... 
Alumina ... ......•...•.•.. .•• ...•...•••.•.. 









These analyses have been selected as types of the principal varieties 
of manganese ores, and show plainly 'the decrease of manganese as the 
silver contents increase. 
In describing the first division, or copper leads, of this district, I have 
hown how suddenly the vein contents change at the water line, from 
an almo t free.milling silver ore without any copper to a massive sul-
phur ted ba e·metal ore, rich in copper and generally poor in silver. 
'Ih tran ·ition is at lea t equally striking in the second or manganese-
,·ilver divi ion. Here again the water line constitutes the boundary, 
atH1 the d compo ed ma ·ses of brown, yellow, and black oxides of iron 
aud rnangane e change almost instantaneously into a gangue of silicate 
aud carbonate of manganese (the former greatly predominating), with a 
Jarg admixture of quartz, the whole being specked and threaded with 
minute granule and veinlets of zincb]ende, pyrite, chalcopyrite, and 
galena-the two latter material occurring in very subordinate quanti-
ti ', and the entir amount of ulphureted mineral seldom· exceeding 
5 p r c nt. of th or , and much more fr quently falling below 3 per 
· ·nt, though in the Lexington and Alice mille bodies of very base ore 
ar ~ u ·ount r d. 
Th • ilicat and arbonat of mano-an e ham th •ir characteri tic 
pink · 1 r a11d ntra ·t v ry b autifully with the white quartz, but 
ltb u h th r u ually r tain it full ilver alu A, a c mpar d with 
mp cl > rtion of the v in, it bas lo ·tit worth a a flux 
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in smelting, and, as a rule, is only fit for mUling. I am at a loss to say 
in what condition thesilveroccursin this ore. Owing to the high assays 
tlaat I have often obtained from specimens which showed only the most 
minute specks of sulphide minerals, I have been led to search most 
carefully for some of the noble silver minerals, such as silver glance, 
brittle silver, etc., but entirely without success; nor could the expe-
rienced eye of Professor Weisbach detect any trace of them in the various 
specimens submitted to him. Chemical tests also disprove the exist-
ence of silver chloride, so that as yet I am unable to explain the matter. 
Tbe popular opinion is that the silver is contained in the zincblende and 
pyrite, but when the entire weight of those minerals forms less than 2 
per cent. of a given sample that assays 1.5 per cent. in silver, it is diffi-
cult to reconcile that theory with the facts of the case. This is a very 
iuteresting and important subject for future research. 
a Although not generally so considered, the great mines that have given 
Butte its celebrity as a silver district, namely the Lexington, A_lice, 
.Moulton, etc., belong strictly to this manganese-silver group, though 
their water line being comparatively near the surface, the oxidized zone 
continues hut to a slight depth. They still show plenty of 4'pink man-
ganese,'' as tlie carbonate and silicate of manganese are indefinitely 
termed by the miners, but on the whole quartz predominates decidedly 
and zincblende and pyrfte occur in much larger proportion than in most 
other mines of this group. I need hardly say that this necessitates a 
thorough chloridizing roasting prior to amalgamation, and in fact none 
of the manganese ores that occur below the water line can be treated 
raw with any satisfactory results. 
At present, with the exception of the great mfoes already mentioned,. 
the manganese-silver belt is adding but little to the production of Butte. 
A few hundred tons per month of heavy rr1anganese ore, assaying from 
15 to 50 ounces of silver, are mined and sold to the Boston and Colorado 
Smelting Works, and a much smaller quantity of more quartzose ores 
are treated in custom mills. 
Few, if any, of these mines-always with the exceptions above men-
tioned-are worked below the water line, and they are mostly too 
quartzose and t.oo poor iu silver to pay for smelting, nor can many of 
them stan<l the losses and heavy milling charges incidental to amalga-
mation. In time, with cheaper fuel and labor, I think a small propor-
tion of them may prove of some value, but not before they ·come into 
the hands of companies willing and able to erect mills on a very large 
scale and look to small profits p~r ton on large amounts of ore for their 
reward. At present most of them _ are in the hands of poor men who 
can do nothing with them themselves, but who hold them at prices that 
are virtually prohibitory to capitalists. 
The Gagnon . .:_In my attempted classification of the Butte mines I 
have encountered one di:tficulty in the shape of the Gagnon mine, which 
is so different from either class descr!bed as t,o be positively unique, and 
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it demands at least a few words to itself. As regards geographical 
position, it is assumed, and I think correctly, to be the western exten-
sion of the great Parrot lode, and apparently while trying to hold its 
own as a copper lode it has (together with its extensions, the Original 
and the Butte Original) been so powerfully influenced by the conditions 
which governed the formation and filling of the silver group into which 
it extends that it has assumed a mixed character, intermediate between 
the two divisions, and yet possessing certain characteristics of its own. 
While its percentage of copper is much lower than that of any of the 
true copper veins, its· contents in silver are for the most part higher 
than ~ny but the very richest of the silver group. Its gangue is prin-
cipally quartz, and its chief ore an argentiferous zincblende, though 
the compounds of copper which occur in the Gagnon also carry a con-
siderable quantity of silver, as does the iron pyrites, which occurs abun-
dantly. 
T.I.Je ore occurs in very large and strong pay chutes, and, so far as ex-
ploration has yet gone, certainly does not improve in depth. The best 
ore, both in quantity and quality, was found near the surface, several 
lrnudred feet above the present workings, but I am credibly informed 
tliat it is now rapidly improving in the deeper levels, and that every 
indication is present of other large bodies of rich ore in near proximity. 
The Bu.tte minerals.-A list of minerals from this mining district, de-
termined by myself, is appended. Those marked with exclamation 
points (!!) are rare in this place. 
Graphite!, natiYe gokl, native silver, argentite, cerargyrite, cbalco-
cite, chnilcopyrite, erubesciLe, cuprite, malachite, azurite, chrysocolla, 
galeuite, ang'lesite, cerussite, sphalerite, rutile, molybdenite, pyrite, 
pynhotite, enargitc, tetrahedritc, arsenopyrite ! , pyromorphite ! , hema-
tite, magnetjte, limonitc, siderite, pyrolusite, psilomelane, braunite, 
wa<l, manganite, rhodonite, rhodochrosite, calcite, ba,rite, witberite ! , 
quartz, ja per, pyroxene, t.remolite, actinolite ! , hornblende, garnet, 
epidot ; biotite, muscovite, anda]usite, ortboclase, oligoclase, cyanite. 
THE REDlJCTION WORKS. 
Metlwd,s of treatment.-The foregoing classification of the Butte mines · 
may be partially adapted to the metallurgical process employed for the 
reduction of the ores. But as differing conditious may suggest differ-
ent methods for the treatment of the same ore, I find it convenient to 
to divide the proce es here in operation into :five classes: 
1. Raw amalgamation of ilver ores. 
2. Chloridizing-roa ting and amalgamation of ilver ores. 
3. Smel ing of ilver ores in reverberatory furnaces, with the addition 
of 'Uffici nt copper or to form a highly argentiferous .matte. 
4. Smelting of c pper ore in r verberatory furnaces. 
5. Smelting of copp r ores in bla t furnaces. 
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It will be uoticeu that t.he classes numbered 3 and 4 are nearly 
identical metallurgicall;y, as in both cases the product is a copper matte, 
in which whatever silver happens to be in the ore is concentrated, the 
quantity of the precious metal being in any case so small as to have 
no effect on the method em.ployed, metallurgically speaking, however 
important it may be from .a commercial standpoint. But the quality of 
ore treated is so different in the two cases referred to, and the employ-
ment of oxide of manganese almost exclusively as a flux for silica in 
No. 3 is so interesting and so rare, as to demand a separate notice. 
In Nos. 3, 4, and 5 a certain proportion of the ore is prepared mechan-
ically for the furnace by wet concentration, and as this is the step that 
uaturally follows mining, its description is in place here. 
Ooncentration.-There are four separate concentration works in Butte, 
having an aggregate capacity of about 300 tons of raw ore daily, and 
at least three more already about completed or in progress of erec-
tion, which are estimated to treat an additional 350 tons per day. 
These, of course, are exclusive of the great works at Anaconda, which 
are expected to concentrate 500 tons daily, and with sufficient furnace 
capacity to smelt the concentrates produced. 
In describing both smelters and concentrators I shall naturally make 
most use of such facts as are personai'ly familiar to me as the metal-
lurgist of what may perhaps be considered the representative c9pper 
works of the district. I trust this may be considered a sufficient excuse 
for any statements that ma,y not apply strictly to all the establishments 
in the class referred to. 
Our ores of copper being mostly erubescite and copper glance, have a 
sufficient specific gravity (5), as compared with their quartz gangue 
(2.5), to permit of a tolerably perfect separation, but the u~fortunate ten-
dency of these high grade copper minerals to form slimes, combined 
with their very high percentage in copper, necessitates a heavy loss 
in concentration, especially in the fine tailings, and one that can be 
only partfaJly remedied by extensive slime pits, as the fine copper dust 
once brought in contact with water settles with extreme difficulty, and 
long remains floating on the surface of even stagnant water. 
Another serious drawback in most of the mines is the occurrence of 
pyrite, so intimately mixed with the ore as to defy handpicking. Hav-
iug nearly the same specific gravit,y as tbe copper ore, and a less 
tendency to form slimes, it concentrates even more perfectly than the 
Yaluable constituents, and positively prevents the production of a con-
centrate containing over from 20 to 30 per cent. of copper, except in 
the case of the Anaconda and one or two equally fortunate mines, 
where the proportion of pyrite is so small as to permit of a product car-
rying from 45 to 50 per cent. 
I have made a series of careful experiments, with a view to the dis-
covery of some means by which the iron and copper minerals might be 
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mechanically separated. Finding that a slight discrepancy in specific 
gra,ity exist between erubescite and pyrite, I hoped to obtain, at least 
on the first sieve of the jig, a product high in copper; but discovered, 
after repeated trials, that there was just about enough difference in the 
form of the grains of each mineral, owing to their different cleavage 
p]anes (the heavier mineral consisting-most]y of long, flat grains, while 
the lighter breaks rather into solid cubes), to effectually neutralize any 
advantage that their difference in gravity might offer. Failing in this 
trial the next most promising idea seemed to lie in the fact that the 
thorough calcination of iron pyrites, as practiced with us, yields prin-
cipally a highly magnetic oxide of iron, which quality I hoped to take 
advantage of to separate it from the oxide of copper. But on trial I 
.found that erubescite (a compound of iron, copper, and sulphur) also 
yields after: calcination a highly magnetic powder, and that the result 
of passing a magnet through our calcined concentrates was to remove 
everything except w bat small percentage of' silica was present. Whether 
this plan might prove more successful on a mixture of pyrites and cop-
per glance-which latter mineral does not become magnetic on roast-
ing-I have not had the opportunity of determining. · 
While the concentration works now in operation in Butte, as well as 
tho e in process of erection, are by no means model establishments, they 
till do very good average work, and are perhaps quite as well adapted 
to the peculiar condition as more elaborate works. The loss of copper 
in tbe·tailing8 is con iderable, and under eastern conditions could not 
be tol rated; but it mu 't be considered that in Butte the ore is the 
cheapest thing we have, while fuel, labor, and machinery are extremely 
expen h-e, and that the copper contained in the ore has cost so little to 
mine that it does not acquire any considerable value until a certain 
amount of labor has been expended on it. 
Wbil l do not del1y that a more perfect sizing, a graded system of 
cru ·hing, aud a more y tematic effort to concentrate the :finer clas es 
of ore might even now prove remunerative, I doubt very much if it 
would pay expen es to greatly extend the present system of slime treat-
ment, in which department the pl'incipal losses occur. I can, however, 
rt po itively that at lea t one of the concentrating mills in course 
f er ction is so arranged as to carry out to a considerable extent the 
irnprpvement ju t di cu ed. 
Th general y tern of working i to crush the ore first through a 
·ocr e and then a fin r rock breaker, a fl-inch mesh creen·being inter-
po d b tw en the two breakers to remove uch ore a is already, uffi-
ci ntly fine for the fir t et of roll , to which all the ore from the breaker 
i · 1 vat , and which ar u ually et to yi 1d a product not larger 
than M-i ch. ft r pa ing on or two sets of rolls, the ore i delivered 
to a tr mm 1- m, h ving a me h of ~ and .f;. inch for the two 
eing four or, b tter, five in numb r. Each ize of ore 
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goes to a separate automatic jig, or p~ir of jigs, which are in most cases 
arranged to work through a l>ed of mineral of the next larger size, 
only the coarser sizes having a side discharge. The jigs have from 
three to four sieves, and are all, I believe, side-piston hydraulic jigs. 
A modification of the old Clausthal discharge is used to remove the 
concentrates in most cases, though the cap and tube has also some 
advocates. 
The product of the first sieve should be always clean enough for 
smelting, while that of the second and third sieves is either recrushed 
or fed back into the machine. The pulp which passes through the 
finest sieve, -h-inch, is either carried to the slime pits or fed direct to 
Frue vanners or tables; or, as in the Parrot mill, separated into equal-
falling sizes by pointed boxes, and t.he product of each separator worked 
upon a separate vanner, which is by far the most perfect method. 
The slimes which flow over the pointed boxes are caught in sumps 
or labyrinths, and either thrown away or used as they are. Being very 
siliceous, and yet often containing too much copper to lose, they form a 
very disagreeable product, and one that is apt to accumulate on the 
bands of the metallurgist. · 
I think the point of sufficient importance tq mention a plan that I 
have adopted at the Parrot works, and which enables us to work up 
most of our slimes at virtually no expense. Every one accustomed to 
the management of reverberatory furnaces knows the large amount of 
sticky loam and clay that is required to lute up the side door of -the 
furnace, especially after the jambs are well burned out, so that a wide 
crack on each side of the door has to -be thus filled. Assuming a fur-
nace to smelt five charges a day, thus necessitating the luting up of. 
the side door an equal number of times, and allowing only 50 pounds 
dry clay to each luting-and this is far below the average on old fur-
naces-it will. be readily seen that where from six to a dozen furnaces 
are in operation the amount of clay used reaches a surprising figure. 
Now, on taking down the side door, all this clay falls down upon the 
fresh charge, which is piled just under the door, and eventually finds 
its way into the furnace, where it adds a serious amount of barren 
quartz to a charge already probably too siliceous. A careful trial 
proved that the slimes would answer the same purpose as the clay; and 
now, instead of smelting a ton or more per day of barren loam, we have 
replaced it with an equally satisfactory material, carrying 10 per cent. 
or more of copper. 
To return to the subject of concentration. It is impossible to furnish 
any figures that shall apply to the different mills with any degree of 
accuracy, but in order to give a general idea of the results obtained 
from those ores carrying a high percentage of iron pyrites, which 
includes the greater part of the ores at present submitted to concentra-
tion, I will submit the following figures as a reasonable average: 
2 M R-25 
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Results of concentration. 
Percent. 
Original amount of copfier in the ore ............ 12 
Assay of concentrates rom jigs ................ 21½ 
Assay of concentrates from vanners .......... 32 
Assay of slimes saved ...... . .. ... ......... . .... 9to 13 
Assay of slimes lost (forming a. very small per-
6~ centage of the total ore) . .... . ................. 
Assay of tailings (excepting slimes) ............ St 
Degree of ooncentration, 2.1 tons into 1. 
The works now building will give considerably better results, the 
points principally selected for improvement being the recrushing and 
reworking o·f al1 the middlings and tailings from the coarser jigs; a 
great increase in the capacity and efficiency of .t.he sizing apparatus, as 
well as a corrected scale of sizes for the trommels; the substitution of 
hydraulic separators of ample capacity for the finest trommels, thus 
enabling the slime jigs to work a product consisting of equal-falling 
instead· of equal-sized grains, by which the amount of feed water is 
lessened, and the capacity of the machine greatly increased; the sub-
stitution of an ample number of sideshaking tables for an insufficient 
number of vanner8, and a thorough sorting of the pulp by hydraulic 
separators before feeding to the tables. These improvements, supple-
mented by a more systematic and extensive effort to save such slimes 
as are worth smelting, are expe
0
cted to considerably increase the effi-
ciency of' the works. 
Want of space forbids any greater amplification of this subject; ·but 
I think enough bas been said to show the mining public that the science 
of concentration is by no means neglected in Montana, and to convince 
the proprietor of patent concentrating machines that the tailing beds 
now forming below the Butte concentrators are no such mines of wealth 
as they have been con, idered by everal persons of this description, but 
who have been peedily undeceived on trial. 
For the ake f completenes , I must mention the concentrator be-
longing to the Montana, branch of the Boston and Colorado Company, 
which I am informed run a large portion of the time on the oxidized 
mangane e- ilver ores meutioued i11 tlle fir ' t section of this paper. It 
i report cl that, while om of th se ore are too heavy in manganese 
t r nder concentration applicable, and while others carry so much of 
th ir ilver content in the quartz gangue a to cau e an unreasonable 
lo:,. th ore fi o.nd iu ·ertain mine are xtremely suitable for thi pur-
po ·e, and admit of the production of a one ntrate high in mangane e, 
and in which mo t of the ilv r i retained. Thi forms a most welcome 
addition to an ·t bli hm nt that labor under the di advantage of an 
rwh lmin am unt f ilica in it m lting charge . 
Am,alga-mation.-I hall <li po ·e of the fir ·t and second divi ion of 
th u t metallur ica1 tabli hm nt in v .. ry few word , as the proc-
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esses -employed are so universally known, ':tnd these• especial works, 
namely, the Lexington, Alite, Moulton, Silver Bow, and other mills, 
have been so thoroughly written up as to render any description that I 
could furnish entirely superfluous. 
The Dexter mill is, I believe, the only one in which raw amalgama--
tion is now practiced, and the ores it is treating are becoming so base 
as depth is gained that the percentage of silver extracted is far from 
satisfactory. The tailings show a considerable quantity of argentiferous 
· carbonate of lead, and are now being concentrated, yielding a product 
assaying in lead slightly above the percentage called for by the formula 
of that mineral, and from 30 to 40 ounces of silver per ton. So far as 
is yet known, a very small proportion of the silver ores of this county 
are suitable for raw amalgamation. 
The second division includes the Alice, Lexington, and several other 
mills, which practice a chloridizing roasting followed by pan-amalgama-
tion. The Stetefeldt, Howel1, and Bruckner roasting furnaces are all 
represented in this district, and, so far as I know, the results are good, 
and present nothing of a particularly unique or interesting character. 
The enormous charges levied by the Utah and Northern railroad for 
transporting the salt, which is so necessary in silver milling, from Og-
den to this point ($20 per ton, while coal is brought nearly double the 
distance for about $6 and coke is transported from Pennsylvania for . 
about $18), effectually block any attempt to treat the low grade silver 
ores, which occur so abundantly in this district, and which, if it were 
not for this grasping policy ou the part of the railroads, would possess 
a certain value, though they are of too low a grade to ever yield a 
profit except to those who are able to work them on a very l~rge scale. 
Smelting of silver and copper ores in reverberatories to a rich matte.-
The third method employed in Butte is the smelting of silver ores with 
sufficient sulphureted copper ores to form a copper matte, small in 
amount, but very rich in silver. This is produced only at the works of 
the Colorado and Montana Smelting Company, and is shipped for further 
treatment to the parent establishment at Argo, Colorado. My knowl-
edge of this smelter is limited 1.o hearsay, and to my own· general ac-
quaintance with the process employed. As the chief object of these 
works is to concentrate the valuable contents of a great many tons of 
ore into a very few tons of matte, it will be readily seen that the two 
substances to be avoided in the furnace mixture are sulphur and cop-
per. Fortunately, most of the silver ores carry very little base metal, 
and are either surface ores, entirely free from sulphur and copper, or 
so-called "dry" ores carrying only a small percentage of zinc or lea<l, 
and mere traces of copper. Certain varieties of these ores carry suffi-
cient iron pyrites and zincblende to demand a calcinatiou previ<;ms to 
smelting, but by far the larger part can be fused raw. Tl.tese true sil-
ver ores are mixed at the furnace with copper-beariug silver ores from 
the Gagnon and other mines, in which, however, the percentage of 
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copper is low, and the sulphur is mostly eliminated by an oxidizing 
roasting. It will be noticed that all the ores thus far mentioned con-
sist principally of silica, with the exception of such argentiferous ores 
as come from the manganese district, and a careful examination even 
of these so-called "fluxing ores" will show that the larger propor-
tion of even these ores carry far too much silica and too little oxide 
·of manganese and iron to form an easily fusible slag by themselves, 
much less to assist in fluxing other still more siliceous ores. Judging 
by eye, I should say that the furnace mixture, as made at these works, 
contains a higher percentage of silica than at any other similar smelter 
in the United States. The charge is far too siliceous to admit of all 
"the quartz being fused and dissolved in the slag. On the contrary, 
tbe upper layer of each pig of scoria, to a depth of several inches, will 
be found to consist of unaltered fragments of quartz, cemented together 
hy a glassy and extremely siliceous slag of a very low specific gravity, 
and consisting, as far as I can judge, of a mixture of bi- and tri-silicates 
of manganese, iron, and lime, the latter being added as a flux. This 
method of smelting is technically called "soaking," as the metallic con-
tents of each fragment of quartz are soaked out by exposure to intense 
heat and long contact with the layer of molten matte which has col-
lected in the hearth of the reverberatory furnace. As unsatisfactory 
. as it may seem to such metallurgists as are only accustomed to the 
homogeneous and thoroughly molten slag of the blast furnace, this pro-
cedure yields most excellent results, as I know by personal experience. 
The metal is almost completely extracted, and the saving of basic flux 
is imply enormous. I append the silica determination of a fragment 
of this slag, picked up on the railroad track, where it is used to ballast 
t,he roadbed. It came from the upper or more siliceous layer of the 
siag block, and closely resembled a certain basaltic porphyry which 
occurs on the slopes of the curious volcanic butte west of Bernalillo, 
New Mexico, and known all over that country by the name of El Cab-
ezon (Big Head). 
.Analysis of reverberato1·y slag ("soaked"). 
Total silica .... ..... .... . . .. . ...... . ... _ ....... . 
Silica in unmelted fragments ..• ... ..... .. ....• . 
Silica in the fused portion of slaJt ... . .. ... ..• . .. 






I am informed that wood alone is used as fuel in the five reverbera-
tories which are employed in producing this silver matte. Also that & 
charge of 3 ton i u ually smelted in six and one-half hours, though 
fr qu ntly much m re time i neces ary to fuse a charge containing an 
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undue proportion of silica. It is aho reported that each furnace is 
tapped once weekly, yielding about 3 tons of matte, varying greatly in 
value as the ores treated are richer or poorer. A sample assayed under 
my supervision cont.ained 53 per cent. copper, 815 ounces silver, and 2 
ounces in gold per ton. Judging from the figures already given it 
would seem that about 20 to 25 tons of ore are concentrated into 1 ton 
of matte. Much of the silver ore smelted at these works could be fa1· 
more advantageously treated by chloridizing roasting and amalgama-
tion, or by leaching. 
Smelting true copper ores in reverberatories.-The fourth divisio9- of 
the Butte metallurgical works, the smelting of true copper ores in re-
verberatory furnaces, includes three important establishments, named 
in the order of their production: The Parrot Silver and Copper Com-
pany,: the Montana Copper Company, and those furnaces (soon to be 
increased in number) running on ore from Clark's Colusa mine. Their 
product probably exceeds in value that of the other four divisions. 
In cases in which I am doubtful, the statements here made must be 
taken as referring to those works with which I am personally most famil-
iar. Private interests forbid as accurate and detailed description of the , 
works and statement of expenses as I should be glad to furnish. 
The ore, as it is broken in the 'mine, is divided on the spot into at 
least two classes-first-class ore, assaying from 20 per cent. upwards, 
which is ready for smelting, and second-class ore, assaying from 10 to 
18 per cent., and containing so much siliceous gangue as to render nec-
essary a preliminary concentration. In certain of the copper glance 
mines a still richer class is mad~, which is sacked and shipped abroad. 
The first-class ore occurring in lumps is spalJed with hammers to tho 
size of the fist, and, after screening to remove the finest, is roasted in. 
heaps or stalls. Th~ heap-roasting practiced at most of the works here 
differs in no wise, except possibly in carelessness, from the usual method, 
and when carefully carried out reduces the percentage of sulphur from 
about 30 to 6 or 7 per cent., though this result is by no means generally 
obtained at certain works. 
Roasting in stalls.-The stalls, used sole]y at the Parrot smelter, are 
6 feet broad by 8 feet deep; they are inclosed on three sides, and con-
nected with a large culvert at the back, which enters a capacious and 
lofty chimney. The stalls are built in long double rows, back to back, 
to economize material, and, although not strengthened with either tie-
rods or braces, last a good many years if the surfaces of the walls next 
the ore are kept well protected with a coating of clay mud. At the 
Parrot smelter they are formed entirely of slag blocks, cast in sand 
molds, and weighing about 100 pounds apiece. The stalls contain 
about 22 tons of ore, which is dumped into them from a car running on 
a track over the whole line; and after being covered with fine ore, are 
kindled in front, and then require little or no attention till ready. The 
amount of wood is only about one-fifth of a cord per stall, or one-bun-
MINERAL RESOURCES. 
Jredth of a cord per ton of ore. If more is used, a lump of matte of 
greater or less size will be found near the bottom of the kiln, and the 
roasting will be imperfect. By the fourth day the large fragments of 
ore, which are built up to form the front wall of the stall, are removed, 
and two or three tons of well-burnt ore can be taken away without in-
jury to the rest, great care being observed not to cut in too far toward 
the center, or approach too closely the line of fire, which h&s as yet only 
extended a short distance into the body of the heap. Each day a sim-
ilar amount can be removed, and by the twelfth day the kiln is empty. 
In comparison with heap-roasting these stalls offer the following ad-
vantages: The waste caused by rain all<,. wind and from scattering over 
the ground is much less. Only about one-eighth the quantity of wood 
is required to roast an equal amount of ore. The labor is much less, be-
ing about as one to two and one-half. Instead of tying up valuable 
ore for a month or six weeks, one can begin to use it on the fifth day, 
and in a fortnight it is entirely finished. If properly managed there is 
absolutely no raw ore left over after burning in the stalls; while in 
heap-roasting there is always a large quantity that must be reroasted. 
Even the fine covering, and the ragging just below it, can be thoroughly 
burned in stalls if a few baskets of bark or chips are scattered over' the 
coarse ore before the fine covering is thrown on. The sulphurous 
smoke from stalls is mostly discharged high in the atmosphere through 
a tall chimney, thus avoiding the dense fumes that come from even the 
smallest ore heap. 
I should be glad to enumerate the disadvantages of stall-roasting as 
compared with burning in heaps; but'aifter a long experience with both 
methods, I have nothing to say on the other side, except that in case 
one has to deal with an ore carrying a very high percentage of iron 
pyrites, it is easier to prevent matting in heaps than in stalls. 
To prevent disappointment, in case my testimony should give rise to 
experiments on the part of metallurgists who desire to escape the draw-
backs of heap-roasting, I must particularly insist on the importance 
of having a strong draft, which, of course, presupposes a large flue, 
and a chimney of sufficient area and height. For a battery of thirty 
stalls, arranged in a double row, back to back, with a flue extending 
between the two lines, the main culvert should have an area of at least 
4 square feet; while the cbimn~y, with a corresponding inside area, 
hould be carried to a height of 70 feet. With an insufficient draft, 
the roa ting i delayed beyond all belief, and the percentage of sulphur 
retained in the ore after the completion of the process will be far from 
ati factory. In case any considerable amount of matte is formed in 
the tails, it should be broken into pieces the size of the fist, and when 
50 ton' or more have been accumulated, it should be roasted in heaps 
in'°' ry much the ame manner a ore. A few necessary changes, how-
, .. r, mu e made. The bed of wood should be thicker than for ore, 
ancl h matte pile shoul<l never be built more than 4½ feet high. It 
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~hould have vents or temporary chimneys (formed by placing a couple 
-0:f sticks of cordwood in a vertical position) at distances not greater 
than 6 feet from each other. Whatever fine stuff is formed in breaking 
the matte should be thrown on the heap in conjunction with the coarse, 
to prevent too strong a draft, and the sides of the heap should be 
well covered with fine roasted ore. A heap of 50 tons, prepared in this 
manner, will burn for six days, when the operation of " turning" may 
be begun, as one burning, or even two, is seldom sufficient for matte, 
which differs entirely from ore in this respect. It should be turned 
directly on to another bed of wood, prepared alongside of the original 
heap, taking care that the lump of molten matte which will always be 
found at the bottom of the heap is broken into small pieces and piled 
directly upon the fresh bed of wood. The second burning will take a 
week, and may be followed by a third if it is desirable to remove the 
sulphur as thoroughly as possible. The cost of each burning may be 
estimated at 65 cents per ton at present Butte prices of labor and fuel. 
If it; is found profitable this roasted matte may be smelted by itself to 
produce a superior grade of copper, as the numerous burnings and melt-
ings which it has undergone will have mostly eliminated the arsenic 
and antimony that it may have contained. As it is essential to add a 
certain amount of siliceous flux in smelting this material, any quart-
zose sla.gs rich in copper that may be lying about the place will form 
the most advantageous addition, as tbe copper produced from them will 
be of the best possible quality. 
In most cases the first-class ore forms but a small proportion of the 
material treated, and we now come to the principal ore from which the 
immense copper matte product of Butte is derived, namely, the con-
-centrates obtained from the second-class ore. These usually contain 
about 20 per cent. copper, 30 per cent. sulphur, and 10 per cent. silica, 
the balance being principally iron; and they are thoroughly calcined 
in long furnaces, heated by wood, worked by two men on twelve-hour 
hifts. 
Calcining furnaces.- The furnaces which have been built under my 
supervision are 64 feet by 16 feet outside, and have four hearths, each 
14 feet long by 15 feet wide in the clear. The ore is charged from a 
hopper upon the hearth furthest from the grate, in quantities of 3,600 
pounds, and in spite of the great length of the furnace it is at a bright 
red heat in two hours. Without going farther into det~ils I will state 
that each furnace calcines 11 tons of ore in twenty-four hours, reducing 
the percentage of sulphur from 30 to below 4 per cent., and consuming 
exactly 2 cords of pine wood. These results are so favorable that the 
cost of calcination is reduced to about as low a figure as one could hope 
to attain with a successful mechanical furnace. Care is taken to pre-
vent the formation of sesquioxide of iron, it being almoRt infusible and 
requiring a good deal of time and fuel before the reaction of the_ sul-
phides in the charge reduces it to a protoxide and fits it for combin-
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ing with the silica present. In a blast furnace, of course, the powerful 
rP,ducing atmosphere accomplishes this result at once, but in the rever-
beratory smelting, which we are now discussing, the point mentioned 
is of sufficient importance to be always borne in mind. 
The concentrates are discharged through a square bole in the hearth 
nearest the :fireplace into an iron car, and are dumped over a high wall 
into a paved inclosure convenient to the smelting furnaces. 
Reverberatories.-N early all the reverberatory furnaces in Butte ar 
constructed after the same model, and dift'er from the ordinary vVelsh 
furnaces in the following particulars: The hearth is wider-11 feet arnl 
more; the grate is large, bnt very shallow, being little lower than the 
furnace hearth; the bridge is broad and low, and the roof high, so that 
the space between bridge and roof is much larger than usual; the arch 
pitches very strongly toward the skimming door, so t'1at the vulcatory 
is low; but the trapezoidal hole connecting hearth with flue has an area 
more than 50 per cent. greater than is the usual custom; the flue is. 
broad and high, and much better results are obtained by expanding it 
rapidly until it enters the stack; each furnace has its own chim~ey, 
about 55 feet in height, and with a somewhat larger area than the Welsh 
furnaces. A.n increase in height is of no advantage. Numerous and 
continued experiments have proved that the foregoing peculiarities are 
exactly suited to the fuel in u e-a flaming, semi-bituminous coal from 
Wyoming, which seems only slightly removed from lignite. It is very 
light, bas only a slight tendency to coke, and though ready enough to 
form massive clinkers if allowed, gives far better results when burned 
in a shallow layer, without the deep clinker bed which forms the chief 
peculiarity of the Welsh method of firing. With a consumption of 7 
tons of this coal in 24 hours, 4i- charges of 3½ tonR each of ore can be 
smelted. 
The lag and cleanings that are returned to the furnace are never 
counted in the quantity melted. It is found advantageous to admit an 
additional upply of air through a series of holes in the roof over the 
:firebridge, and a the be t proportioned furnace will flame badly just 
after throwing a fresh .fir , and especially after grating (which should 
be done thoroughly once in 24 hours), a hole 8 inches square must b 
left in the stack below th flue, by which sufficient air is admitted to 
cool the lining when the furnace is flaming. The average charge con-
si t of about 60 per cent. calcined concentrates, 20 per cent. roasted 
fir t-cla s ore, and 20 p r cent. raw ore, the creenings of the :first-clas 
ore b ing u d for thi purpo e. 
Work that po e no concentrator are obliged to use more or le 
lim tone a flux, and I am informed that at few of the smelter i the 
calcination of the or uffici ntly thorough to admit of tqe addition o 
uch larg pr p rtion of raw ore a I have indicated. 
Th furn · i tapp d aft r each third or f urth charge, yielding a 
a aying from 60 t 70 p r c nt. copp r, and from 15 to 50 ounce 
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in silver, according to the grade of ore. I am informed that at most of 
the works considerable difficulty is experienced in keeping the grade of 
the matte as uniform as is desired by the parties to whom it is shipped. 
To show that this uniformity is perfectly attainable, I append a list of 
successive shipments of about 15 tons each, taken from the books of the 
furnaces under my charge. I will also state that so far from having 
uniform material to work with, the ore varied both in quality and 
amount almost daily, and the charge seldom remained the same for 
three successive shifts. The time represented by these shipments was 
the first ten days of August, 1884. 
Percentage of copper in 8hipment8 of matte from the Parrot works. 
No. Percent. No. Percent. 
1 64. 7 12 63. 6 
2 65. 5 13 63.4 
3 64.4 14 65.5 
4 64. 6 15 63. 3 
5 64.0 16 65. 5 
6 63. 2 17 64. 8 
7 63. 1 18 64. 9 
8 63. 4 19 64. 0 
9 63. 6 20 64.8 
10 64. 9 21 64. 5 
11 64.8 22 63. 2 
This list might be almost indefinitely continued. 
Contrary to European experience and to the teaching of the principa1 
mining schools of the world, the amount of copper retained in the slag 
is py no means excessive, considering the verr high grade of the matte 
produced from this first smelting. I cannot answer, for all the furnaces 
in this district, but the slag produced from those with which I am per-
sonally familiar seldom exceeds 1.25 per cent., and frequently falls to 
0.9 per cent. About one-half the copper contents of the slag is present 
in an oxidized condition, the remainder being retained as inclosed gran-
ules of matte. The plate slag is always returned to the furnace, and 
all the other pigs are carefully examined and any valuable portions re-
smelted. 
The great proportion of the slag here produced is a mixture of singulo 
and bisilicates of iron, very little lime or alumina being present, except 
when the former is added as a flux. At the Parrot works the slag ap. 
proaches a singulo-silicate ,while at most of the other furnaces, so far as 
I can judge by eye, it is considerably more siliceous. The matte is in most 
cases crushed in a small rockbreaker to the size of a hen's egg, sacked, 
and shipped, in some cases to the Baltimore or New York refiners, in 
others to England. 
On the whole, the reverberatory practice in this district is fairly satis-
factory and economical; though, as I have found by experience, constant 
attention to the size and condition of the furnace flues and other compara-
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tively trifling points is rewarded by results entirely out of proportion 
to the labor expended. 
With all varieties of fueJ, a constant watchfulness and correction of 
the ever changing proportions of the more important parts of a rever-
beratory furnace (such as the bridge, flue, vulcatory, etc.) is demanded, 
but I have never yet met a variety of coal where the results obtained 
seem to depend so greatly on theRe slight and apparently trifling points, 
nor where the furnaces were so sensitive to minute alterations. I have 
had a furnace suddenly fall off from bringing its charge in five hours 
to requiring eight hours for the same operation, and the changing the 
size of the flue by the addition or removal of an inch of material, again 
restore the five-hour period. And as such circumstances are the rule 
and not the exception, it follows that a very little carelessness or inat-
tention on the part of the metallurgist may cause almost unlimited loss 
to the works. I have particularly emphasized this matter, as I feel 
certain, from my own observation, that it is not in all cases understood 
or at least not acted upon. 
I have endeavore<l to make this point still more noticeable by reduc-
ing certain results. which have occurred under my own observation, to 
actual figures. Knowing the exact profit to the company on each pound 
of copper produced under ordinary circumstances, I have found by cal-
culation that by incr.easing the area of the flue of a certain furnace by 
10 quare inches, it produce8 a greater profit daily of $57.30, and adding 
to this the amount of fuel saved by doing good work instead of poor, the 
total difference amounts to $G8.77. Assuming that six furnaces (the 
averc1,ge numberin the principal works) have all been built on the same 
incorrect model, the sum• advances to $412.62 daily, or $150,606.30 per 
year. While this state of affairs might not very probably occur, the 
calculation is far from being a fanciful one, and I hope may forcibly 
illu trate the immen e importance of forcing every smelting furnace to 
do the be t po ible work of which it is capable. 
Repairs.-Wbile I am ou the subject of economizing in furnace work, 
I may properly mention the immense waste of money involved in unnec-
e 'ary delay in making repairs. That frequent and extensive repairs 
mu, t be made ou rev •rberatory furnaces is an unfortunate fact, but ev-
ery po iblemean bould be employed to lessen the evil, by shortening 
the time during which the furnace is idle. Every moment of delay adds 
b , vily to the xp n e not only in the item of wage , which includes 
tbo e of the ma on , helper·, labor r , and the whole gang of men be-
I nrring to that furnace, but till more in the cooling of the walls and 
bott m, which will take hour of time and ton of fuel to bring back to 
th ir n rmal temperatur , delaying for an unrea onable time the next 
tw or tbr e charg , and almo t certainly increa ino- the percentage of 
co p r in the ·l 
it i i 1 t find fault without ugge ting the appropriat r mcdy, 
will d cri riefly the meth d that I alway employ when making any 
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·of the frequent and comparatively slight repairs that occur every six or 
eight weeks, and that do not render necessary the complete cooling down 
of the furnace. I refer to such trifles as building a new flue, putting in 
a vulcatory or front or side door jambs, or patching the lining of the 
stack. The day before the job is to be done, I carefully examine the 
extent of the proposed repairs with the furnace-mason, a man of expe-
rience, with whose assistance I can closely estimate the number of brick 
needed, and, what is of much greater importance, the number that re-
<.Juire cutting, and the exact size and shape that they must be cut to. 
Noting all this carefully down, I have an ample supply of bricks cut 
into the shape that will be needed, and when masons and materials are 
all ready, skim and tap the furnace as clean as possible, throwing in a 
fresh charge (if the stoppage is to be only of short duration) to protect 
the workmen from the heat radiating from the bottom, and begin imme-
diately knocking in with long steel bars the portions of brickwork that 
are to Be renewed, dragging the debris out of the furnace at once with 
scrapers. The cold charge is especially heaped in that part of the fur-
nace that is to be repaired, and if any portion of the arch is to be re-
built, it is very easy to form a proper pattern for the purpose by shaping 
the ore as required. The best and quickest masons should be chosen 
for this work, and j{ the job is a very hot one they must be relieved 
every half hour. In fact, I have found it sometimes necessary to keep 
a small stream of water playing on the masons' hands, faces, and feet 
for an hour at a time. If the brickwork or ore is too bot to stand on, 
nothing makes a better temporary flooring than old planks soaked in 
copperas liquor, which will remain cool, and will neither catch fire nor 
smoke. If the fire has been properly banked without being allowed to 
get too low, the furnace will be in full heat by the second charge, after 
a stoppage of two hours for repairs. 
Smelting in blast furnaces.-The fifth and last division of the Butte 
processes includes the smelting of copper ores in blast furnaces, which 
is practiced only at the Bell smelter, though the new Butte Copper 
Company proposes to do all its smelting in this manner. 
I am unabd.e to give accurate dP,tails of the Bell furnace. It is a 
small water jacket, 36 inches in diameter at the tuyeres, and with a 
capacity of about 40 tons of charge daily, though the quartzose nature 
of the ore necessitates a heavy proportion of flux, consisting of an ex-
cellent limestone and a rather poor quality of bog iron ore. When the 
calcination has been sufficiently thorough, the mat.te produced will 
reach 65 per cent. in copper, but this is seldom attained in practice. I 
judge that the expense of smelting per ton at these works is about the 
same as at those where reverberatory furnaces are employed, the high 
price of coke as compared with coal ($20 to $9) nearly neutralizing the 
advantages commonly elaimed for the blast furnace. By increasing the 
number of.tons smelted per day, which could easily be done by putting 
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on a heavy blast, and bricking the fine ore, which constitutes the 
greater part of the charge, and by diminishing or entirely doing away 
with barren flux, which can also be very easily accompUshed by build-
ing a concentrator of sufficient capacity, I am firmly convinced that the 
blast furnace will hold its own here in comparison with the reverbera-
tory, as it does nearly everywhere.else in America when properly man-
aged. So long as roy furnaces, with a capacity of 20 to 40 tons daily, 
are employed, just so long the reverberatory will take the lead. But 
when metallurgists iearn that a furnace of reasonable size, smelting 
from 80 to 100 tons a day, will not only work with a less cost per ton, 
for both labor and fuel, but it is also far easier to manage, will average 
much longer campaigns, and will reduce the cost of repairs from 3 to 6 
cents for each ton of ore treate<l, then the reverberatory will remain in 
its proper place, which is in Swansea and nowhere else, unless almost 
imilar conditions can be found elsewhere as regards price and qual-
ity of coal, fireclay, and labor, and a world's ore market to select from. 
The only other exception, in my bumble opinion, would be where, with 
good fuel and Yery rich ore, the charge is necessarily so siliceous that 
in spite of concentration or fluxes the silica contents of the slag cannot 
be kept below 45 per cent. 
The smelting capacity of this district will soon be more than doubled , 
as the new works of the Anaconda Company, Butte Copper Company, 
and Clark's Colusa will doubtless be in full operation. It will then be 
interesting to compare the work done with our present operations, and 
I feel convinced that the improvements contemplated and partially car-
ried out in the new works just mentioned will more than meet any pos-
sible future decline in the price of copper, so that although many of the 
Arizona mines and a large proportion of the principal copper pro-
ducers of both Lake Superior and Chili may find it necessary to sus-
pend operations, Butte will sti11 be able to keep every furnace in blast 
so long as the rich ore , which are still found in undiminished quanti-
t.ie in th lowe, t workrngs of tbe deepest mine, continue. And even 
if th percentage of the ore dimiui hes materially, its value in silver 
(in many ca es equaling 3 cent per pound of copper), and the constant 
cheap ning of freight, fuel, material , and lahor, makeit probable that 
Butte's time of pro"perity, even if dependent on its copper mines alone, 
will cov r a p rio l of too many years to make it possible to prophesy 
the time when it will cea e to be one of the most important factors of 
the world's copper market. 
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THE CUPOLA SMELTING OF COPPER IN ARIZONA. 
BY JAMES DOUGLAS, JR. · 
Furnaaes . ....;..The water-jacketed furnace is an actual necessity to the 
Western smelter, owing to the enormous cost of refractory building 
material. When the owners of the Longfellow copper mine in Arizona 
commenced smelting twelve years ago each firebrick cost them $1; 
and even now at the several furnaces in the Southwest firebricks cost 
from $100 to $200 per thousand. An indestructible furnace is therefore 
almost essential to economical success, and this the water-jacketed fur-
nace practically is. It is an expansion of the water tuyere and water 
back, contrivances which have been long in use. In 1866 J. R. Grout, 
of the Detroit and Lake Superior Smelting Company, patented a cupola 
with cast-iron boshes, -containing the e~sential features of the more 
recent furnace. But the exigencies of the period not requiring it, the 
general adoption of the water jacket only dates from 1873, when Willliams 
& Daggett introduced it for the sme1ting of copper and lead ores in Utah. 
The type now usually manufactured for copper smelting is that which 
was designed by Mr. Lewis Williams, who is in charge of the Copper 
·Queen furnaces at Bisbee, Arizona. The eminent success of that mine 
and its smelting operations gave a great stimulus to the mining of cop-
per in the Southwest, and it was superstitiously believed that some pe-
culiar advantage lay in the particular shape and size of the furnace 
used by Mr. Williams at the Queen, no matter what the ore to be treated 
might be. The Pacific Iron Works built the first Queen furnace, but 
other western and eastern machine shops soon competed for the trade 
a nd took out patents for immaterial modifications, advertising their 
t rifling changes in construction as important innovations, and publish-
ing the record of their furnaces when running on some exrn~ptionally 
fusible ore, as if the quantity smelted were due to the peculiarities of 
t he furnace, when in reality it depended on the character of the charge. 
No patent covers the use of an inner and outer metallic shell, between 
which water circulates in quantity sufficient to cool the inner shell, 
which is in contact with the smelting charge. Every smelter therefore 
may design a furnace of the proportion and shape he considers best 
adapted to the ore he has to treat, while any boiler maker may build it 
without fear of infringing any rights. As the jacket merely replaces 
the brickwork of the older furnace, it may be made of any shape and 
size. For siliceous ores it will be made high, for basic ores low. Most 
are round, and 3 feet in diameter at the tuyeres; but for certain ores 
the diameter may be advantageously increased. Others are oblong. 
Generally they have uniformly sloping sides; hut one running at the 
Detroit mine (to be described hereafter in detail) is built with a. bosh. 
Smelting aapacity.-The quantity of ore a jacket of given size will 
smelt depends upon the fusibility of the charge, the strength of the 
blast, and the supply of water. The 3-foot round jacket is usually 
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designated as a 30-ton furnace. Under exceptionally disadvantageous 
circumstances a furnace of that size will smelt only 30 tons ; but with 
fair ore and good management, as at the Queen and elsewhere, it smelts 
from 45to 50 tons p'er day. On the veryfusibleoreofthe Old Globe mine, 
at Globe, as much as 56 tons have been put through a 3-foot jacket, 
and even this quantity bas been exceeded by a furnace at the Verde. 
Unless the ore is refractory, 45 tons of mixture should be smelted 
under a blast of 10 to 12 ounces, produced by 100 to 115 revolutions of 
a No. 4½ Baker blower, provided the supply of water is ample. The 
latter condition is essential. To keep a 3-foot furnace cool under a 
high blast, from 37,000 to 40,000 gallons of cool water must be passed 
through the jacket daily, under a head of not less than 10 feet. If the 
flow be deficient or too hot, steam is generated, the cold water is pressed 
back, and steam will blow out of the discharge pipe till the jacket is 
nearly empty. Where enough fresb water to cool the jacket is not 
available, the hot issuing water must be pumped back and after cool-
ing be returned to the furnace. The cooling is usually effected in a 
series of tanks. It is more rapidly done by pumping the hot water into 
a small cistern, elevated 15 feet or so above the receiving tank, through 
the perforated bottom of which cistern the water falls in streams unim-
peded through the air, or better still, upon a brush wood or other open 
:filter, which exposes a large surface to evaporation. When a furnace 
is fir t blown in, the iron shell is exposed to the full influence of the 
beat and more water is required than after the furnace has run a few 
hours, by which time a coating of slag protects the iron and a rim 
slightly deflects the blast from the periphery of the furnace. The is-
Ruing stream may be almost boiling, but where the water is very cal-
careou and abundant it is preferred to allow it to flow so rapidly 
through the jacket that it is only warm when discharged. Much less 
lime i thu · depo 'it <l in the j acket and no more fuel is said to be con-
umcd. When the flow of coM water is scanty, and cooling must be 
re ort d to, it is well to couple the pump with the cold-water pipe, so 
that if the jack t team ob, tinately ft stream of cold water may be forced 
through it. 
Round furnac s of greater diameter than 3 feet, if the ore is favor-
able, will melt mor than the smaller ones, though not generally in 
pr portion to their ar a. Oblong furuaces whose shorter diameter does 
not exc d 3 fe t come nearer to the duty of the small round furnace, 
ar a for ar a than do large round furnaces. If the ore is not free melt-
ing a furnace of gr ater diameter than 3 feet is very liable to become 
d r ng d1 with the formation of a core. If, how ver, the mixture is fusi-
bl and do no contain much fine ore, the blast of a Baker blower, 
v n that f a ~T • 4½, ~ ill p u trate to the center of a 4-foot furnace, 
th u ha .,. . 6 ak r i' pref ra l wh re furnaces of that size are used. 
Tb advant "' f a ·mall furnace ver a large one i. that it i more 
man, g abl ancl if it com b p 1 1 d ranged it can be blown in 
nd ut at 1 t tbn n a large on . On the other hand the r cord of 
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the Detroit large rectangular furnace shows a slight saving in fuel in 
the Ia.rge over the small furnaces, though this is not the case with the 
large round furnace of the Arizona Copper Company. Up to a certain 
point the staff necessary to handle the charges and slag of a small fur-
nace would handle a somewhat larger quantity. There is, therefore, 
always an economy in this item, but unless the ore is very fusible and 
invariable in its contents this advantage is more than balanced by 
liability to derangement. In the round 3-foot furnace the cold water is 
generally admitted by 1½-inch tubing at four different points, two on 
opposite sides, and the hot water issues by two pipes inserted into the 
upper flange, rising some inches above the level of the jacket. The 
slag tap is also jacketed in the Queen furnaces. Where this is not done 
it is well to have a perforated tube above the slag and metal spouts, 
through which water may be sprinkled on the spouts and on the copper 
plates through which the slag and metal are tapped. It is found that 
crude copper cast in plates 1 inch thick is far preferable to brick for 
closing the slag and metal openings. 
The pipes for admitting the cold water to the furnace should 
not force the stream against the inner shell, but be curved so as to 
direct the stream down ward. The constant beating against the hot 
iron plates, especially if the water carries any sediment, rapidly per-
forates it. Most of the manufacturers have patented contrivances to 
assist the water in circulating, but unless absolute obstruction_ be inter-
posed the water circulates without assistance. In building jackets the 
heads of the rivets should protrude as little as possible into the furnace, 
and no flange unprotected by water should be exposed to the heat. 
Usual plant.-Tbe smelting plant of the Copper Queen, at Bisbee, 
which is the pattern on which most establishments have been built, con-
sists of: 
1. A breaker, with jaws set to open 3 inches, rnn by a small separate 
vertical engine. 
2. A screen below the breaker with bars ½-inch apart, to sift out fines. 
At the Globe and elsewhere the ore is dumped on a screen above the 
breaker and only that portion which is too coarse for the furnace is 
broken. 
3. Bins into which the several varieties of ore are wheeled from be-
neath the breaker. 
4. The Queen runs steadily two (nominal) 30-ton furnaces. This type 
of furnace is a section of an inverted cone, 3 feet in diameter at the 
tnyeres and 4 feet 6 inches at the feed door. The body of the furnace 
for from 6 inches below the tuyeres up to the feed door is built of inner 
and outer shells, 9 inches apart at the bottom and 4½ inches at the top, 
closed at top and bottom, wjthin which the water circulates, and to which 
the water is admitted and from which it is discharged, as already de-
scribed. The distance from the tuyeres to the feed door is 6 feet, and 
the total height of tbe jacket is therefore 6 feet 6 inches. The blast 
pipe discharges into a wind box, which nearly encircles the furnace and 
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supplies the tuyeres with a very even blast. A boiler-plate ring about 
2 feet deep is riveted to the outer shell of the jacket, and this rests on 
a cast-iron plate provided with a drop bottom, which plate is supported 
about 2 feet above the floor of the furnace house on cast-iron pillars. 
This ring, lined with firebrick, constitutes the crucible of the furnace. 
The drop bottom is protected with the same material. The slag spout 
is secured to the crucible shell at the side of the furnace 10 inches be-
low the tuyeres, and the metal spout is in like manner secured to the 
front of the furnace, 14 inches below the slag spout. The slag and 
metal openings in the shell are large and are closed by copper plates, 
each perforated with a small tap hole. Above the feed door the fur-
. nace contracts, and consists of an iron shell resting on the outer rim of 
the jackets, and lined with firebrick. At the Queen works, where much 
of the ore is soft and clayey, the furnace stacks discharge into a flue 3 
feet wide and 96 feet long, provided with hoppers, which effectually 
catches all dust. In other furnaces the stack expands into a large cone, 
where, the draft being checked, the dust settles and is discharged 
through suitable ports. Elsewhere, as at the Arizona Copper Com-
pany's works, there is a regular brick dust-chamber. The space be-
tween the jacket shells at the bottom is wide enough to allow of the 
removal of the mud and scale through four hand holes. Where the 
water is very calcareous, scale accumulates so rapidly as to necessitate 
blowing down every week. At the Copper Queen the jackets are 
emptied every five weeks. If a circle of Ludlow gate valves were tapped 
into the jacket around the ba e, and these were successively opened to 
allow a stream of water not greater than that admitted to the jackets, 
washing out light sediment while heavy scale is being scraped out, the 
repeated blowing down and toppage of the furnace might be avoided; 
which, though it does not cool the crucible, wastes time and coke. 
The hood of ome furnaces re ·ts on the inner rim of the jacket and is 
not lined. Even when tbe hood i liued the number of ~rebricks which 
enter the crucible and 1100d need not exceed one thousand, and unless 
the charge i unu ually ba ic or yields much matte, the bricks of the 
cracible need not be replaced <luring the lifetime of the shell, lute be-
ing applied when the furnace i blown ont, and elayey ore being dropped 
1n through the tnyere , if the crucible walls need fortifying. 
Th rectan(J'ular furnace at the Detroit mine and the lar~e round fur-
u ce of th Arizona Copper Company depart from the common type. 
5. A . 4¼ Baker .blower pro,i<le blast for each 3-foot furnace. Each 
blower at the Queen i driven by a separate upright engine, the quan-
tity of bla. t b ing controlled by the speed of the engine, instead of by 
gate vake . 
G. U ually ix 'lag pot and four bullion pots are supplied with each 
furua · , but tbi numb r i in ufficient. The lag pots wear almo tin-
d finit l but th bulli n pot crack after a few tap , no matter how 
<:ar fnl1 T C'I y <l and heated before u e. They are then strengthened 
b' hand . It would pr bably be betrer to cast them in sections, mak-
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ing the joints along the lines of greatest strain. At the Detroit works 
a copper core is .cast in a pot of the usual size, and this is suspended in 
a larger pot, so that a space of 1½ inches intervenes between the core and 
the sides of the pot. Into this space copper is tapped, and thus a cop-
per lining is secured which protects the iron wagon from the direct ac-
tion of the hot metal. At the Queen slag is tapped every :five or seven 
minutes, and the metal is run every half hour into bars averaging 250 
pounds. . 
7. If there is an abundance of fl.owing water no tanks are required; 
otherwise, as at the Queen, a receiving tank, a pump, and cooling tanks 
form necessary additions to the plant. 
8. At the Copper Queen Mr. Willia,ms passes the slag from t,be fur-
nace to the slag pots through an outer well 4 by 2½ by 2½ feet deep, made 
of cast-iron plates and mounted on wheels. The wells are lined with a 
plaster of clayey ore, and remain open for from twentJ1 -four to forty-
eight hours. Each well yjelds about 100 pounds of copper a day, besides 
what is entangled in the chilled slag. As the slag is .tapped from the 
column of smelted ore, through which the particles of metal are con-
stantly descending, it is inevitable that more or less metallic copper 
should issue with it. The outer well saves a portion of this mechanical 
loss, but as some of these almost invisible particles of copper in fl.owing 
into the well from the tap hole come into contact with the air and are 
oxidized, it is better to attach a settling well to ~he furnace itself and 
tap from it. This is done at the San Carlos establishment by bolting to 
the iron shell of the crucible a boiler-plate box 2¼ feet long by 2 feet 
wide by 2 feet deep, supported on a pillar and furnished with a slag 
spout. The box is lined with brick, like the crucible of the furnace, 
the bottom sloping upwards from the level of the metal tap to that of 
the slag tap. This is covered by copper plates, which can be readily 
removed and replaced if the well requires to be cleared of chilled slags. 
It answers admirably the purpose intended without deranging the work-
ing of the furnace. Were it covered by a water-jacketed plate pro-
vided with a curtain which would dip b~low the surface of the slag at 
the discharge end of the well, like tlrn tymp of the older furnaces, a 
continuous flow of slag might be secured. 
9. The :fine ore from beneath the grizzly, the dust from the flue, with 
the more clayey ore from the mine, are molded by band into bricks 
with coke screenings after mixing in an ordinary pug mill. At the 
Detroit works, at Morenci, a brick press is used ; and at the Arizona 
Copper Compauy's works, at Clifton, milk of lime is added to give 
greater coherence to the dust. 
Operations at the Oopper Queen.-The furnace operations at the Copper 
Queen have been marked by greater regularity in running and conse-
quent uniformit,y ot production, both as to .qua;utity and quality, than , 
those of any other establishment in Arfaona. The following record from 
January 1 to October 31, 1884, gives the history pf each of the two fur-
naces during that period: 
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I Ore Bricks Total cmper J7ie ed 9°P£er I Coke used. / Coke per ton of I Coke per ton of 
Date, week ending- by ore &melted. smelted. smelted. pro uced. and ms ag. ore. copper. 
brioks. 
---
PoundsB. Pounds/I. Pounds. Pounds. Percent. Percent. P0ttnds. Percent. P0ttnds. Percent. P0ttnda. January 7 . •• . . •. . . . .• ... . . .• .•••....•. . .••.. . . . .. . 542, 390 97,060 639,450 66, C90 10.35 1.70 124,214 19. 43 385.4 188. 0 3,760 Jan nary 14 .... .. . . .. . . ...... . ..... . .... . .. . .. .. .. . 688,360 73, 250 661, 610 70, 515 10. 70 1. 69 126,860 18. 87 377. 6 177. 8 3,556 January 21 .. • ..•••. .•• . ..•. .•• • ••..•. .. ...•• . . ... 644, 620 18, 250 662, 870 70,805 10. 66 1. 45 131,679 19. 86 368.6 186. 0 3,720 Janunr.v 28 . ... .... . ... . .. . ... . . ..... .. ... ... . ... . 690,900 66,500 647,400 69,880 10. 73 1. 45 123,345 19. 33 380. 6 178. 9 3,665 February, .. . ....... . . ..... . ....... . . . .. . .. . .... .. 643,070 34, 930 678,000 71,370 10. 51 1. ]O 125,455 18. 70 370 176. 0 3,521 Februaryll .. . ... . .. . . .. . . . . .. ........ . ... ..... .. . 682, 400 8, 500 6.90, 900 68,450 9. 91 1.44 126, 134 18. 21 365 183. 4 3,694 i== F ebruary 18 ........ .... . ...... . ... . ...... ... . ... . ggg: ;gg I 29, 000 685, 800 72,685 10. 57 1.45 128,910 18. 92 375. 8 177. 9 3,558 ~ F e bruary 25 . •. . . .. . . ..•.•. . ...•••. • ••••... .• . .... 01, 650 669, 900 77,305 11. 72 1. 34 130,072 19. 44 388. 2 168. 7 3,374 z M ar oh 8 . .. . .. ..... ... . .. .. .... .... ... ... . . . .. . .. . . 580,080 04, 860 674, 940 78, 185 ll. 59 1. 07 122,965 18. 20 364 151. 6 3,033 t_,rj March 10 ... .. .. ... . . . .... . .......... . ........ .. . . . 622,800 35, 100 657,900 68,825 10. 72 ,87 124,430 18. 92 3,8. 6 182. 2 3,645 ~ March 17 .. ...••••....••...•..••••• . ..•••....•. . .. . 601,200 70,800 672,000 73,530 11. 06 -85 130,145 18. 19 386. 2 178.4 3,568 IJ,,,-March 24 . ..... ........... ... ........ . ..... . .. . ... . 655, 600 94,500 650, 100 70,425 10. 82 . 88 120,400 18. 56 371.4 171. 6 3,4!:lil t'" March 31. .•...... .. . . . • . .. .•••... • • . •••. . . .. .. . ... 587,700 98,500 086, 200 76,200 10. 75 . 91 128,724 18. 88 372. 2 167. 6 3,210 April 7 . .... . ............ . ........ . ....... . ..... .. 618,900 70,500 689, (00 78,570 11.36 . 91 126,301 18. 72 366. 4 161. 9 3,239 ~ -t:~ JL:::: :::::::::: :: ::::. :::::: :::::: :::::::: 579, 900 78,300 058, 200 7n,555 11. 57 1.07 120,995 18. 38 367. 6 161. 7 3,234 t_,rj 582,710 84,440 667,130 74,340 11. 13 . 95 125,377 18. 96 376. 4 168. 0 3,361 00 April 28 . ... .. .......... . ................ . . . ..... .. 568,690 128,690 697,380 80, 005 1 11.58 1. 00 125,154 17. 64 352. 8 155. 5 3,110 0 
~~ f2· ::: :::::::::::: :::::::::: :: :::::::::::::::: 666,370 96, 880 663,250 70,980 10. 53 . 92 122,730 18.55 371.2 149. 1 2,983 ~ 591,890 !13, 800 685,690 69,695 10.12 . 80 123,916 18.63 347.4 178. 0 3,560 ~ May 19 .. . ...... . . .. .. ......................... ... 575,043 95, 760 670, 803 69,910 10.41 . 75 135,291 18. 67 373. 6 178. 9. 3,578 Q t_,rj May26 . . . . . ... ................................... . 570,720 98, 560 669,280 73,255 10. 91 . ,78 126,213 18. 85 377. 8 174. 7 3,481 !11 JllJle2 ...... .. . .. .. . ............... . ........ . .... . . 543,170 98,560 641,730 68,325 10.69 .75 123,315 19. 22 388. 6 154. 0 3,080 Jnne9 . .. . . . ....... . .. . .................... . .. . .... 561,440 106,960 668,400 78,175 11.68 ,88 127,649 19.02 381 165. 9 3,318 June 16 . ...•• . • . . •••••..••••••.••••••.••••• . .. . .. .. 563,470 106, 400 669,870 76,463 11.68 1,07 128,235 19.12 381. 6 167. 6 3,353 June23 . .. . ... . . . ... . ............. . ............ . ... 544, 860 124, 600 669, 460 75,595 11.24 1.12 126,501 18. 94 378. 2 167. 9 3,358 June 30 .•.... . .. . . • . . •.••.. • ..• . •••..•••..•• . · •··· · 566, 801 131,880 698,681 87,300 12.49 1. 27 121,627 17. 41 349. 6 139. 7 2,652 July7 . . . .••••. . .••..•••••••.••.....•••..•.•.. . •. . 518,911 84,000 602, 9tl 70, 995 10.08 1. 11 104,170 15. 66 293. 2 121. 5 2,516 
l~i it==::::=:::::=:=:=====:::::::::::::::==::::: 612,021 108,000 720,101 78,665 10.79 1. 20 123,932 17. 21 344. 2 157. 8 3,701 627,095 85, 120 712,215 72,875 10.19 1. 41 124,621 17.78 350.4 171. 5 3,429 637,714 97, 160 734, 874 81,425 10. 99 1. 38 104,170 15.66 893. 2 149. 9 2,885 Au~ust , .. • . ... . . •. •...••...•••••••.•••.••...• . .. . 587,202 100, 240 687,442 79,100 11.49 1. 32 114, &26 16. 70 334. 2 147.1 2,975 August 11. ••••••• . .••.• . .••.• • .••••..••••..••.... . 608,018 78,120 686,138 68,120 9. 89 1, 18 116,424 16. 98 339 177. 0 3,461 August 18 . • .•••..••••••••••.•••••••.••..•.• . ...•. 579,453 112,280 691,733 69,500 10.10 1.10 116,932 16.89 337.8 169. 0 3,380 
f e~!tb~t· i::::::::::: ::: ::: : : ::: : :::::::: ·::::: :~ 652, 925 32,480 685,405 68,000 9. 93 1. 22 116,780 17. 02 340.4 158.1 3,449 080, 190 38,640 718,830 76,595 10. 73 1-40 120,942 16. 81 336. 2 159. 3 3,186 
l:il::i:l tr:::::::·:::::::=:===::::::====:=:::~:: 691,511 53,864 745,375 93,540 12. 52 1. 31 117,771 15.69 315. 8 126.1 2,528 645,900 77,100 723,000 92,980 12. 82 1. 20 115,645 16.06 321. 2 124.1 2,512 681,200 89,400 720,600 98,565 13. 69 1.20 114,801 16. 03 363.4 116.8 2,337 September 29 .. •••••• . •.•. • •••••• . •...••..••• •• .. . . 678,500 87, 600 761, 100 111,870 14.66 .99 114,649 15.01 301. 8 108. 2 2,008 
Octobo, •. .•. : ..•.. .•••••••••••...•...... ·••·•· ... ·1 716,700 43,500 760,200 102, H45 13.46 1. 02 116,309 15. ]2 303. 2 110.2 2,212 
Ootober 13 . ••.....••••.••.•..••••••.••....••.....•. 726,900 ·----·----- · 726,900 90,735 12.43 1.10 116: 791 16. 09 321. 8 130. 5 2,610 
Ottober 20 .•.•.•.....•••••.•.••...•••.•...•........ 737,400 15, 900 753,300 93,135 li. 34 1.19 112,588 14. 94 298.8 120. 9 2,419 
Ootober 27 ....•••.... . .••....•.•.•.....•........... 714,000 42,900 757,500 97,195 12.81 1. 42 109,372 14.44 288.8 112. 8 2,256 
October 31. ..•..••.•••.••••.•••••..•.•....•.... . .. 345,300 45,300 390,600 44,130 11.29 I. 42 60,577 11. 15 340.4 124.3 2,751 
----- ------
26; 724,474 3,279,814 30,004,568 3,382,302 11. 24 1.16 5,310,870 16.85 352.4 156.6 3,127 
Operations of fiwnace No. 2 at the Copper Queen mine, froni Jan·nary 1 to October 31, 1884. 






~01:iy:~. I Coke used. Coke per ton of ore. Coke per ton of copper. 
-------------- ---------------1----- ---1----1----1----1-------,----1------,----
Pounds. Pounds. Pounds. Pounds.. Per cent. 
January 31..... •• • • . . • • . .• . . •• . . • . . . . . . . . • . . . . . . . . 2,033,410 277, 960 2, 911, 370 308, 735 10. 60 
February 29. •. . . . . •• . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,666,260 169, 340 2,835, 600 301,315 10. 70 
:March 31. .• . . . . . . • . . . .. . .. . . . . ..• . .• . • . . . . . . . .. . . . 2, 673,840 354,000 3,027,840 330,405 10. 86 
April 30....... . ...... . • • . . . . • . . . . . • . . . . . . . . . . . . . . 2,516,930 389,210 2, 906, 140 324, 705 11. 14 
:May 31.... . ....... . . . . • • • . . . . . . . . . . . . . . . . . . . . .. . . . 2, 520, 100 424, 280 2, 944, 380 307, 790 10. 42 
June 30 . . . . . . . . . . . . . . • • . • . . . . . . • . . . . . . . . . . . . .. . . . . 2,364, 335 488, 600 2,852,935 332,000 ll. 60 
July 31........ . ......... . .. . ...................... 2,644,549 427,560 3,072, 109 331,395 10. 74 
August 31.................................. . . . . . . 2, 826, 761 298, 880 3, 125, 641 314, 240 10. ll 
September 30.... •. .••••• .•.• .• . • . . . .. . .•.... .. . . . . 2,841,830 328,500 3,170,330 422,990 13. 3'2 
October 31..... . . . . . • . . . • . . . . . . . • . . . • • . . . . . . . . . . . . . 2, 961, 150 144, 650 3, 105, 800 398, 720 12. 87 





































Pounds. ' Per cent. Pounds. 
384 181. 7 3, 635 
376 l 76. 2 3, 525 
373 171. 8 3,437 
366 164. 3 3, 287 
372 178. 3 3, 566 
370 161. 8 3, ::!37 
341 158. 7 5, 175 
335 166. 5 3, 359 
316 119. 3 2, 387 
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Furnace No. 1 had been in blast two years on September 16, 1884. 
During that period its crucible bad never been cooled. It had been 
blown down every ft ve weeks to clear out the lime scale from the jacket, 
but each operation occupied, from the blowing down to the refilling, 
only three hours. Once this interruption was extended to six hours, 
when a patch was riveted to the inner shell opposite to one of the water 
pipes. :Ko. 2 furnace had been continually in blast since May, 1883. 
During these long campaigns not a brick had been used in repairs. 
Both furnaces are of the same size and pattern, the only difference 
being in the diameter and dip of the tuyeres. Those of furnace No. 1 
are 5 inches in diameter and have a slight dip; those of No. 2 are 4 
inches in diameter and are set horizontally. The blower of furnace No. 
1 is run at 115 revolutions; that of furnace No. 2 at 105, to maintain ,a 
pressure of about three-fourths of a pound. The furnace record shows a 
decided advantage in favor of the 5-inch tuyere, the slags being cleaner 
and the amount of ore smelted being greater. 
The coke used is from Trinidad, Co1orado, and SanPedro,New Mexico. 
The latter is freer from ash but more friable than the former. The con-
sumption of coke is large, 1 part to 5.9 parts of wet ore, as fed into the 
furnace. The ore contains on an average not less than 10 per cent. of 
moisture. The charge requires to be occasionally fluxed, but generally 
a judicious mixture of ores from the several levels, which yield ores of 
very different compositi(\n, relieves the furnace from any barren ma-
terial. 
The furnace staff consists of a day and a night foreman, twelve hours 





~ 8~t:!l~!1':r~·.: ::: ::::::: ::::::·_-_·_ :·:.:::::::::::::·:.::::::: ::: ::: : :: : :: : : : : : : ::: : : : : : . l; 
3 Feeders .... ...... . .... ....... . . .................................................... .... 8 
; i!f~:::, ~h~;fin~!~~~ ~ew.:::: :::::::::: :::::::::: :::::: :::::::::::: :::: :: :::::: I 1: 
Tb ore wheelers and coke wheelers are Mexicans. Oue Mexican is 
employed in the coke yard in cleaning bullion and wheeling up .Jag to 
the fi d floor. One Mexican and ix boys are intermittently employed 
making brick (adobe ). The furnace charges weigh 300 pound , the 
or , lag, flux (wh n used), and coke being careful1y weighed on plat-
form cale at the fe d door. If the barge i unusually ba-ic th cru-
cibl becom thin and the iron ca ing and drop bottom too bot. The 
crucibl i then mptied, and fine clay ore i in erted by a coop through 
th t · r , until the crucibl lining i ufficiently built up. If n the 
th r band, b ottora ri , the bla ·t i occasionally allowed to blow 
i r a ti w minute through the metal tap. A hammer is seldom n, din 
tapping, and a bar n ver ente the tuyeres, an iron plug being in-
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serted, which arrests the blast as soon as chilling is perceived at any 
point. The long campaign of these furnaces, their ab8olute freedom 
from accident, and the small bill of repairs, are due to the skill and·the 
watchfulness of Mr. Lewis Williams. 
The last annual report of the Copper Queen Company, made by \fr. 
Benjamin Williams, the superintendent, shows that since the commence-
ment of operations in the summer of 1880 until .April 1, 1884, there were 
smelted 89,385 tons of ore, yielding 12,048 tons of black copper, of an aver-
age percentage of 96.50 by fi re assay, or 13.45 per cent. of black copper 
to the ton of ore. This large yield was produced by one 3-foot furnace 
for the fir-st year and by two furnaces subsequently. .A spare jacket 
is alwass ready, but it is not deemed necessary to keep a third furnace 
set up, as accidents are rare, and when a jacket is worn out it can be 
.quick]~- removed and replaced by another. 
The following analysis of samples of slag taken over a period of sev-
eral months indicates the character of the charge, which consists of cal-
-0areous surface ores carrying chiefly green carbonates, brecciated clays, 
silts saturated with carbonates, and massive iron oxides impregnated 
with cuprite, which are intercalated among the clays in the lower levels 
of the mine. 




1 Silica ................. -. - ... - . - .... -- .. - . -.... - . 
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Qlil, Dominion Copper Company.-The second largest producer of cop-
per during the last two years has been the Old Globe mine, at Globe, 
worked by the Old Dominion Copper Company, of New York City. 
The output bas in some months considerably exceeded that of the Cop-
per Queen. The total production for 1884 was 7,396,725 pounds of cop-
per from 23,36j tons of ore, which therefore yielded 15.83 per cent. The 
assay value of the ore was 17.33 per cent. The plant contains three 
furnaces, all of which are seldom run together. In construction the 
plant does not in any important feature differ from that of the Copper 
Queen, at Bisbee, and the furnace8 are run on the same system. The 
ore, however, being more ferruginous, a more fusible mixture can be _ 
economically made. ~rhe 3-foot jacket bas there put through as much 
as 56 tons dailJ·· The experiment of running a 3-foot furnace with two 
Xo. 4½ blowers ·was made, but »esulted in an increased duty of only 4 
tons per day. 
Works of the Detroit Copper Company and the Arizona Copper Oom-
pany.-.A.t Clifton is the large smelting plant of the .Arizona Copper 
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Company, the nearest of whose mines, those of the Longfellow group, 
are adjacent to those of the Detroit Copper Company, 5 miles distant 
up Chase creek. The Detroit Company's smelting works are at its 
mines, where the little town of Morenci has grown up. Both establish-
ments have substituted large for small furnaces. 
The old smelting works of the Detroit Company were on the San 
Francisco river, 5 miles below Clifton and 7 miles from the company's 
mine.s, which are at an elevation of 1,450 feet above the river and in a 
perfectly sterile region. The furnaces on the San Francisco were run 
by water power, but as the cost of transporting ore by teams was con-
siderable and the interruptions frequent, it became necessary either to 
connect the mines with the works by a railroad or to move the furnaces 
to the mines and pump thither the water with which to cool the jack-
ets. The latter alternative was decided on. The power which formerly 
ran the furnaces, a 44-inch Leffel turbine, under a 10-foot fall, is now 
applied to a powerful pump. The pump was designed by H. R. Worth-
ington, and combines as perfect simplicity of form as is compatible 
with the strength necessary to a very heavy lift. It has four single-
acting water plungers, 5¼ inches in diameter, 15-inch stroke, that make 
it equal to two double-acting pumps. The valve chambers are multi-
plied. They can thus be small and separate, easily replaced, and be 
much stronger than one subdivided chamber would be. The pump was 
designed to throw 100,000 gallons per day, at twelve strokes per min-
ute, through a 4-inch pipe, to an elevation of 1,510 feet and a distance 
of 7 miles against a pressure calculated at 750 pounds per square inch. 
The tubing between the pump and the mine is the ordinary 4-iuch lap-
welded pipe with extra heavy connections and valves at the bottom of 
the column. The pump is not run faster than nine strokes per minute; 
at that speed the requirements of the camp and furnaces are more than 
'atisfied. Running at from :five to six strokes the pressure gauge in-
dicate from 640 to 670 pounds. The actual elevation from the pump 
to the top of the tore tanks, which are some distance above the fur-
naces, i 1,540 feet. 
There i one other in tance in Arizona where pumping bas replaced 
the tran port of ore. The Arizona Central (the old Vulture) gold mine 
pump the water for an 80- tamp mill from the Hassayampa, a greater 
di tance but to a le elevation. Steam power is there use<l, yet the 
co ti only 25 cent per ton of ore stamped against $4 for haulage. 
Tb economy f throwing water over tran porting ore is so self-evident 
that it hould be oftener practiced. A pump and tubing can be built 
~o witll tand almo 't any train, and are operated in the oil region under 
pre ur f over 1, 00 pound to the quare inch, the localitie where 
th y t m can e applied ar very many. The maker state that the 
yp of pump a ove d crib d ha proved it elf perfe"ctly capable of 
J .aling with pre ' ure' a bi rh a 5,000 to G,000 pound per quare inch. 
h D troi ·ru ltin<Y, ork · , re conn ct d with the company' mine 
~nd with the Ariz na 'opp 1· ompany' tramway to Clifton, and with 
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the terminus of the branch railroad to Lordsburg, by a system of 20-
inch gauge tramways. Thus all wagon hauling and unnecessary hand-
ling of ore, coke, or bullion is avoided. As the companies have adjacent 
mines the mine roads have been built jointly and are used by both-an 
example of harmonious co-operation worthy of imitation. The mine 
tramways, on which two engines are kept busy, are 1½ miles in length 
and traverse 2,300 feet of tunnels. 
At the Detroit works two furnaces are erected, one the usual 3-foot 
round stack, the other a large rectangular furnace, with a bosh, de-
signed by Mr. Carl Henrich, the late metallurgist. The cross section 
at the tuyeres is 33 by 66 inches, which it maintains for 10½ inches up-
ward, then the sides slope rapidly, so that at 30 inches above .the tuyeres 
and 3 feet above the slag tap the cross section is 45 by 78 inches. Here 
the lower jackets, four in number, terminate, and the upper four jackets, 
5 feet high, rest on them, with a lower pitch, so that at 8 feet above the 
slag tap the sect ion is 54 by 87 inches, which size is retained to the feed 
door, 11 feet above the slag tap. The crucible is 14 inches deep, is 
brick lined, and is provided with a drop bottom. 
The furnace was built with an adjustable modification of the bell and 
hopper automatic feed, but it had to be taken out, as it was found to 
size the ore and t,hrow an undue quantity of fines either to the rim or 
center as the case might be. Mr. Henrich adopted the bosh, believing 
that by reducing more iron he would clean his slags, an inference which 
seems to have been borne out by the short experience as yet had; but 
the furnace shows a greater liability to scaffold than the usual inverted-
cone type. It is provided with fourteen tuyeres, five on each long side 
and two at each end. The tuyere gates are 9-inch vertical slots, and 
the tuyeres are connected by canvas bag·s with the blast pipes, and can 
be adjus_ted both as to height and pitch, as in the Western lead furnace 
The tuyere openings are only 2¾ inches. The blast is supplied by two 
No. 4½ Baker blowers, run at 115 revolutions to produce a pressure of 
10 ounces. A larger quantity of air would probably increase the effi-
ciency of the furnace to 100 tons per twenty-four hours, which its large 
area calls for. The slag is tapped from both ends, the metal from the 
middle. 
The record of twenty-six days' run in November, 1884, is as follows: 
Record of the Detroit large furnace, November, 1884. , 
Beds. Weights. _Copper C°cftper Copper 
Copper I Colorado I Fuel 
m coke . mores. pro uced. saved. slag. used. ratio. 
------ --
Pounds. Per ct. Pounds. Pounds. Per ct. Per ct. Pounds. 
Ores . .... . ............. .. 3,292,575 14. 57 
Iron ...... . .... . ...... . ... 823,570 5. 05 
Total ores.. . .. .... 4,116,145 12. 75 
Limestone .. . ... ..... . . .. 314,625 
--
Total charged.. .. J 4,430,770 11.85 1 525,087 492,035 93½ 1.11 676,385 lto6.55 
Or dry ore and flux smelted per day, 85.19 tons; black copper produced, 18,946 pounds per day. 
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The record shows a reduction of the copper in the slags of about 0.4 
per cent. under the average working of the 3-foot round furnace, and a 
saving in coke of about 8 per cent., the consumption of San Pedro coke 
by the mall furnace being about 1 to 6 of smelting mixture. When 
Car<lift' patent pressed coke is used the small furnace consumes only 1 
to 8. Tennessee coke is about to be tried at these furnaces, when com-
parison can be made between the coke from Trinidad, Colorado; San 
Pf><lro, New Mexico; Cardiff, Wales; Connellsville, Pennsylvania; and 
Tennessee. 
The labor employed about this furnace is: 
Above: When using the automatic feeder: 6 coke and ore wheelers 
(length of shift, 8 hours); 2 weighers (12 hours). 
Their place iS" taken by 3 feeders (8 hours) when the automatic feed 
i not used. 
Below: Three metal tappers and wheelers (eight hours); 6 slag tap· 
pel's and wheeler~ (eight lJours). 
vVere the capacity of the furnace increased to 100 tons daily the 
pre ent sta,tl wou1'l not be a,ble to overtake the work. Yet the labor 
i less per ton of ore treated than is necessary to handle the small fur. 
nace, running say 40 to 50 tons a day. As the area of the large furnace 
i as 15 to 7.06 compared with tbat of the3-foot furnace, it should smelt 
about 100 tons. Mr. Church, wl10 is both manager aud president of the 
compa.ny, introduced another modification into the works, which is a 
decided improvement. Instead of a number of small engines, he uses 
one 12 by 36-incb Corlis ~ engine, built by Fraser & Chalmers. It con-
nwes only 1] cord or wood per. day iu running the two blowers, rock 
breaker, , ampling mill, elevator, etc. Its speed is, of course, invari-
able. All the cok , crceniug:s, which are however trifling when En-
gli b coke i nse<l, ar bnrnt nnder. the boilers. The blast of the furnace 
i r gulated by gate ml ve . 
Tlie ore' to be l'.lllelted come from four claiws, and are very different 
in character an<l. variable in co01po1:1ition. They are consequently made 
into b d , 15 £ et wide by 36 feet long, coutaiuing 250 tons each, ·th-, 
cont nt of which ar carefully sampled before use, and any deficiency 
in ba e i made up from the flux bins. The following analysis of the 
average sample of ·lag wa made by Mr. S. James, jr.: 
Analysis of Detroit slag. 
,---------- --------. 
\ p':.\:xi,o o; i;on::: :: : : :: : : : ::: : : : : : : :: :: : : : : :: : p.,l;;· 
~g-~ ~- ~- : :·:::::: : : : :: . : :::::::::: : ::::::. : : . 1~:: 
I ~er:~:.:.:. : : : : : : : : : : : : : : : : : : : ... : : : : : : : : : : : : 2. 30 
Copp r, carbonic 11.cld, alkalies, etc .. _ . . _ ..... _ _ _ 
1t ~ 
I ~00 
---------- ----..!...... __ , 
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The Arizona Copper Company's works at Clifton far exceed in size 
any in the Southwest. They are built at the junction of the Chase 
Creek canon, through which the company's railroad conveys the ore 
from their mines to the San Francisco river, which supplies water power. 
The railroad tracks to distribute coke and ore at appropriate levels are 
laid on terraces cut out of the rock, and the cars are discharged into 
four rows of coke and ore bins. A switch enters the bullion yard. The 
plant consists, besides, of two large rock breakers, three round furnaces 
4 feet in diameter, two round furnaces 3 feet in diameter, three No. 7 
Baker blowers, one No. 5 Baker blower, one No. 4½ Baker blower. 
The works are run by water power during the greater part of the 
year, which can be supplemented by steam power in the dry season. 
As yet the whole battery of furnaces has not been in blast at one time. 
They have a total capacity of 300 tons of smelting mixture a day . . Here 
large and small furnaces are mn side by side, and Mr. Colquhoun, the 
metallurgist, gives his verdict unhesitatingly in favor of the small ones. 
He does not find the large furnaces more economical in fuel than the 
small, nor do they do cleaner work, while -their greater liability to de-
rangement more than compensates for a slight economy in· the item of 
htbor. 
The large furnaces had jacketed crucibles lined with brick, till Mr. 
Colquhoun, attributing much of the faulty action of the furnaces to the 
chilling effects of the water where not needed below the zone of fusion, 
tu rned it off. The result was an immediate increase in duty from 60 to 
75 tons of smelting· mixture per day. 
The charges of both the large and the small furnaces are alike, 730 
pounds, this large charge being preferred as it reduces the errors in 
wttighing, though the experience of other works favors smaller and 
often-repeated charges. 
Wl1en Connellsville coke_ alone is used it is consumed in the proportion 
of 1 to 7.75 of mixture, while Cardiff patent coke smelts at the rate of 1 
to 8.33. The ores of the whole region, except those of the Longfellow 
aud Copp,·r Mountain mines, in which large quantities of iron and man-
ganese accompany the copper, are siliceous and aluminous, the carbo-
nates aud oxides being inclosed in decomposed feldspathic rocks. Both 
tlJe Detroit and Arizona copper companies have therefore to use flux 
liberally. 
Bot~ works also make matte occasionally, which is also the case with 
the Copper Queen. At the Arizona Copper Company's works the pigs 
are dumped into water, which facilitates the removal of adhering matte 
and slag. 
The United Verde Copper Gompany.-The only other establishment in 
.Arizona producing copper largely is that of the United Verde Company. 
It has consisted heretofore of one 3-foot furnace, but another is now being 
erected. The ores treated are more argentiferous than any smelted in 
Arizona, the silver constituting a large proportion. of the value of the 
bullion. The furnace went into blast in July, 1883, and ran 119i days in 
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that year, during which time it turned out 1,004 tons of bullion and 
matte, containing 940 tons of fine copper and 125,000 ounces of available 
silver, from 5,004 tons of ore. The consumption of Colorado and Eng-
lish coke mixed was 1,018 tons, or nearly exactly in the ratio of 1 to 5. 
In 1884 the furnace ran for 231¾ days. The product was bullion 
1,268 tons, containing 1,208 tons of refined copper and 134,676 ounces of 
silver, and 839 tons of matte, containing of refined copper 551 tons and 
of silver 25,416 ounces. This product was recovered from 12,067 tons 
of ore, which therefore yielded to the furnace 14.6 per cent. of copper. 
The bullion now coming forward contains also a noteworthy amount of 
gold. 
On the Colorado river, above Yuma, copper was mined twenty years 
ago at the Planet and other mines, and was shipped as ore to Califor-
nia. A smelter bas recently been erected to reduce the ore of these old 
mines, and has shipped some bullion; but the very low price of copper 
makes it difficult to work a lean ore to a profit, no matter how cheaply 
it can be mined. 
No discoveries of new copper mines were made in 1884. Two ·new 
smelting works were started in new localities, though on old locations, 
but were soon shut down after producing a few car loads of bullion, 
and there are no projects on foot for the establishment of others. There 
is therefore no present prospect of any notable increase in the produc-
t ion of Arizona ; but, on the other band, there are no symptoms of any 
falling off, for never at any of the above named districts were more ox-
idized ores in sight than at present. The low price of copper of course 
reduces the profits, but this is being partially counterbalanced by re-
ductions in every item of cost. The value of copper bullion shipped 
from Arizona exceeded in 18M that of her gold and silver production, 
while its bulk and the freightage on the consumed coke render it as an 
article of export far more necessary to the prosperity of the railroads 
competing for the traffic of the Territory than many times it8 value in the 
precious metal . All interests and classes, therefore, are united infos-
tering an enterprise which bas become an integral part of the indus-
t rial life of the Southwest Territories, and all therefore combine to help 
the Arizona copper miner and smelter to hold his own against all com-
petitors in the pre ent fierce struggle for existence. 
While the copper from Copper Queen, Clifton, and Old Globe is re-
markable for its freedom from arsenic, antimony, and other deleterious 
ub tance , the ame is not true of all .Arizona copper, nor even of 
copper made from other mines in the immedia te neighborhood of some 
of t b e mine , but the Copper Queen an<l. ome other brands are so re-
markably pure a to have acquired a high reputation both in the Amer-
1cau an European market . All the furnaces turn out bars of about 
qnal t n r in c pp r, namely, 97 to 98 p er cent . by wet assay. 
[ A pa.per by 1r. Henry M. H owe, on " Copp r I melt ing," prepared for this volume, 
l t,. l, ·n om itt fi r la k of p · , and is published se11arately as a bulletin of the 
uit d 'tat ' logic 1 , nr y.J 
LEAD. 
THE LEAD INDUSTRY OF THE UNITED STATES. 
BY C. KIRCHHOFF, JR. 
Since the last report, for the year 1882, the development of the lead-
producing industries of the United States has been on the whole a 
quiet one, without any exceptional occurrences to·permanently disturb 
the work of extraction, preparation, or marketing. 
During the years 1883 and 1884 the cost of production of lead has 
been undoubtedly cheapened so far as those processes are concerned 
which may be considered as fairly independent of accidental causes. 
In the case of the actual mining of the ore the causes affecting each 
individual mine of course vary so widely from year to year that it is 
impossible to follow them or to draw general conclusions. Wages have 
declined in some quarters to a certain extent, and the introduction of the 
tribute system has in some instances led to a lowering of the cost of 
mining. In smelting and desilverizing costs have undoubtedly declined. 
The material is however handled by so many different concerns from 
the time when it i8 broken in the mine until it is delivered as refined 
lead in the markets that it is practically impossible to make even a 
guess at the limit at which profitable work ceases, or in other words 
what point a downward movement of values can reach without leading 
to a material curtailment of production. As a general thing it may be 
stated that thus far there has been no serious pressure, except possibly 
in the Missouri districts. Tbe past has clearly shown how low prices 
may -fall before forcing a srn;;pension even there, and the improved facili-
ties in the Rocky Mountain districts since the days of the great declinf' 
in the spring of 1879 have enabled them to better resist low price8. 
On the other hand ores are now mined and marketed which then would 
have promptly traveled on to the dump. This involves ofcourse greate1 
outlay for mining, dressing, and smelting plant, and the margins 01t 
low grade ores are much smaller and more seriously affected by a de-
cline in the value of the base or the precious metal. It is true that the 
average life of a mine is longer; the actual quantity of metal it furn-
ishes till tbe time of its exhaustion or abandonment is greater, and in 
that sense the silver-lead mines in the far West have gained in stability. 
Notwithstanding this, it is true to-day as it has been in the past that 
the total production of the country, and to a large extent the values 
of lead, have been dependent upon the fortunes of a comparatively 
few large mines. At one time the sudden development of the Nevada 
· mines depressed tbe markets. Then Utah came forward with large 
quantities, and finally Leadville rushed into prominence. A few figures 
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will illustrate this point. In 1883 the following mines produced the 
quantities stated : 
Lead ore and lead produced by the following mines in 1883. 
Mines. Ore. 
Short tom. 
Iron Silver, Leadville, Colorado.-- _______ .. _________ . ----- -·-· -- . -···- - -.•••.. 92,271 
ff~r t~~d~·le~a~~1c~10;~~::: :: : : : :: : : :: : : : : : :: : : : :: : : : : : : :: : : : : : : : :: : : : ::: ~~ 
Eureka Consolidated. Enreka, Nevada.. _______ ·····- .. .. ___ •. - _. _ .. --··· __ . -- 14,144 
Richmond, Eureka., Nevada . ________ _______ ·-----·------·········-··········· 19,611 











The .figures for other large mines are withheld because they are con --
:fidential, but there are many individual producers turning out more thar 
2,000 tons per year. 
With consumption so closely following production in this country the 
dropping out of the list of one of the larger mines, or of a number of 
the smaller ones, would not be without its direct influence upon values. 
Un tbe other hand the appearance of new producers, or of the opening 
out of 1arge bodies of ore in old mines might easily lead to an over-
stockiug of a market which is very sensitive. One feature deserves 
bpecial mention because it began to exert its influence in 1883 and was 
even more marked in ]884. Two large smelting companies, one in Colo-
rado and one in New Mexico, and to a less marked degree other concerns, 
have made the basis of their operations the working, each of them, of 
a mine containing large bodies oflead ore comparatively poor in silver. 
-with a control of the desire<l quantities of heavy ores, they are in a 
po ition to work at an advantage" dry" ores, the chief value of which is 
their i-;i]vercontents, the lead being low or entirely absent. This move-
ment, reud red pos~ible by better railroad facilities and careful metal-
lurgical management, makes deposits of leacl ore available which thus 
far w re cousidered too poor to work, and practically opens out a new 
ource of the supply of the metal. It has in the past year fully covered 
the deficiency caused by the falling off in some districts. 
The centralization of melting operations bas gained a good deal of 
bca<l way dul'ing th year 1883 and 1884:. Ores are now carried long 
di tanceR by rail, and much material that formerly was crusued in amal-
gamating mill' now goe to ·melring furnace . Thi:s interchange of raw 
mat rial. b twe n the different States and Territories makes it a diffi-
cult matt r to trace the lead to it source, a matter to which reference 
will mad further on. 
Th factor· wllich have develop d gr ater significauce during the pa t 
Y ar aud which ingly or j intly .have contributed to lowering the cost 
f tb pr ducti n of lead, of wid uing he area from which upplies are 
dr~ wn and pu ·hing O'i nward the minimum grade available for utili-
zati n may tb n · ummed up: Tbe railroad y tP,m of the far W t 
b· · n xt ncl c.1, and the coal r ource · notably o far a coking fuel 
ar · >n · rn d b v ~ b n w 11 d v 1 p d; cone ntratingwork8 have been 
ml in 1 any di tric with emin nt ucce s; smelting ha been cen-
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tralized, and is now conducted generally by well-trained metallurgists, 
and the business has been expanded by combining with it the purchase 
from many quarters of both low and high grade refractory silver ores. 
Good markets have been made available to small producers, facilitating 
development work without the outlay of heavy sums of money for equip-
ment. All these factors have contributed to making the supply of lead 
more and more independent of the :fluctuations in the yield of a few large 
mines or groups of mines. It will tend to counteract the danger of a 
sharp restriction of the supply now imminent through the falling off in 
the product of the two largest lead mines, past and prospective. Dur-
ing tlle years 1883 and 1884 no new districts have been open~d which 
might justify the belief that the market is to be flooded at short notice 
wit,h heavy amounts of metal. But there has been a large and steady 
progress in opening out in many parts of the Rocky mountains, which, 
in the aggregate, promises to fill any gaps that may be caused by a de-
cline in the make in some localities. 
Although there has been much complaint of low prices, the latter 
ha,~e evidently not touched figures that may be looked upon as pro-
hibitive, and wages and freights are still at a height from which a marked 
reduction is possible without causing suffering. 
A very encouraging feature of the history of the lead trade during 
the past two years has been the heavy consumption, which has steadily 
kept pace with the output in the face of a general industrial depres-
sion. There seems little doubt that even a slight falling off in the pro-
duction, or a fair recovery of business to normal activity, would promptly 
carry values upward. 
One fact against which the western producers have had to contend 
during the past two years has been the steady fall in the price of silver. 
How largely this affects the lead mines may be gathered from the fact 
that returns from a number of refiners, whose lead product from base 
bullion in 1884 aggregated 117,608 tons of the total of 119,965 tons, 
turned out 21,505,248 ounces of fine silver and 146,830 ounces of fine 
gold. Of course a fairly large percentage of this quantity of the 
precious metals was obtained from pureJy silver ores, worked by lead 
smelters, but it is probably not far from the truth to estimate that fully 
19,000,000 ounces of silver and 125,000 ounces of gold were obtained from 
lead ores mined in the Rocky Mountain States and Territories. 
PRODUCTION. 
On the whole, as a glance at the following table of the production of 
lead for a long series of years will prove, there has been a steady in-
crease, especially during the past decade, in spite of some sharp :fluctu-
ations in values. The figures from 1825 to 1853 are those published by 
Whitney; those for the later years have been collected by Mr. Edward 
A. Caswell, of New York City, who has personally undertaken the task 
of gathering annually the statistics of production since 1873 with a 
sagacity and painstaking care which have caused them to be accepted 
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a8 authoritative by the trade. Since 1882 the figures are those collected 
by this office. 
Up to the year 1873 no specific data concerning the relative output 
of the different producing districts were available. For the succeeding 
years the quantities of desilverized lead and of non-argentiferous lead 
and the percentage of the former in the total have been added because 
they reveal clearly the growing importance of the former industry, 
which has its seat in the Rocky mountains; while almost the whole of 
the non-argentiferous lead is produced in Missouri, Kansas, Illinois, 
and Wisconsin, only a small quantity being niade in Virginia. In this 
table, and throughout this paper, the tons are short tons of 2,000 pounds. 
Production of lead in the United States. 
Yeare. 
Percent-
Total pro- Deeilver- N on-argen· age of de-
duction. ized lead. tiferou.a eilverized. 
lead. lead. 
Short tons. Short tom. Short tom. Per o.nt. 
............ ·-·-········ ··-········· ..... --.. --...... --... --- ........... . 
.............. ---········· ----········ ............................................ 
............. ............. ············ 
. - ........ --................... ······ 
.. -- --.. ---- ... -.......... --- ........... . 
·······-···· ................. ·······--·-· 
.. • D• •• •••• •• •••• •• •••••• •••••• •••••• 
.... -................... ······ ······ 
.. -........................... ······ ..... . 
... .............. .............. ............. . 
...... .......... -··········· ----·····--· -............................... -- ........... -
-......... -. -.................. -· ... ···-·. 
--.... -......................... -.. ··--· 
..... .................................. ······ 
......... -................... ·-·-·- ..... .. 
.................... .............. ........... .. 
.. ........ .. ....... ............... ············ 
... -............... -.... ---- ................ -· 
.... ......... -............................... . 
.............. .............. ............ . 
. ---..................... ---··· ..... . 
. -.. -................................ ····-· ............................................... 
.. .. .. . -...... -................ ···-· ·····. 
1857. .... .. .. .. .... .. .... .. ..... .. .... .. . . . .. .. . ....... ....... 15,800 : : : : : : : :: : : : :::: :: :: :: :: :::::: :::::: 
1858 .. •..••. .•• • •• . • • • . • • . . • •. • • •• . • . . .••••• •••• •• . • . . 15 800 . ..•••...•...•••••.•••••.••••• •••••• 
II•;;:::~:;; i!l;;::: ii;;~~ i :1:::: 1:;11 iii:: 1:::: 1;: ( Ii • ~ ~ ! ~ ~::;; (: : ~:;:: ;! ~;;; : ii 1 i ~::: i ~ ~ 
11:Sti!l .• · • • · ..••.•• • · •• · •• • •.•••••• · · · · • • • • •••• •• .• • • . . 16,400 ...•...•••..• •.•. ... .•. . •.•...••••• 
l 70 ... ..••. · .. · • · · •• • • • .••• • • · • • • •• · •• • • • · · • • • •.••. 17, 500 . ............ ........ .•.•.•••• . ..... 
1871 ..•••• ••.•••••••••.•• .• ••.•••••• •••••• • ••. . • • . 17,830 .........•......•......... .... ...... 
1872 . .•••• . .•• • . • •• • •• · •• • ••••••• • • • •• • • · • • • • • · • • · .• . 20,000 .......•.................•.•....••.. 
mt::::::::)!::::::::::::::::::::::::::::::::::::: ~: ~ : : : : : ;·.; ;• : : ~.·~~· I:::::: : ; ; 
l:lL :: ::: :::::: ::::::: ::: :: ::::::::::: ::: :: :::::: f:: ffi :g:g ::: m 1 ~: 
t87~ • · · · • · · · · • • · · · · · · · • • • • • • • • • • • • •••••.•..•••.•.••• :: 92: 760 64, 650 28, 130 69. 7 
1 1. · · · · · · · · · · · · · • · · • · · · • · · .•• · · · · · · · · · · · · · · · · · · 97,825 70, 185 27,690 71. 7 
1 i2 .•• ••• • • • • • • • · • · • · • • • • • • • • • • • • · •• • •• • • • • • • .• •• . 117,085 80,315 80, 770 73. 7 · • · • · · · · • • · • · · • · · • • • • • · • • • • • • • • · • • · • • • · • • • • • ••••. 132, 800 103, 875 29, 011> 78. 3 
i 3 · :::·::::::::::::::::::::::::::::::::::::::::::::: tii::~ 1 m:~ i~:~ , :u 
TotaJ: ........ ......... . ..................... ............................. -1 873 t"• l I .. .,.. ...... ...... ············ ············ 
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The returns for desilverized lead include the official statement of 
every refining company in the country, with the exception of the Castle 
Dome works, which bas been estimated. 
An effort has been made to trace the source of the lead produced in 
the United States, in order thus 'to obtain some clew to the comparative 
importance of the different States and Territories as producers of this 
metal. Such an inquiry is beset with a great many difficulties, due to 
the active interchange between the different political divisions of the 
West. Ore goes from one State or Territory to another, and its lead 
contents appear in the returns of the State in which the smelter is 
located by which it was treated. A majority of the refining and desil-
verizing works smelt ores also, often buying them through sampling 
works, so that they are ignorant of the source from which they came. 
Some of these works refine only a part of the base bullion obtained in 
their own smelting works, shipping the balance to other refiners. The 
lead thus loBes its identity and the returns of refiners and smelters, the 
preparation of which alone requires much labor, must be thoroughly 
examined. These returns have been kindly furnished by the different 
refining works and by many of the large smelting works known to 
handle more than simply local ores. But even with all the data at band, 
only an estimate can be submitted, absolute accuracy being unattain-
able. The following figures are the results of the investigation: 
Sou1·ce of the lead produced in the United States in 1883 and 1884, by States -and Territories. 
States and Territories. 1883. 1884. 
Short tons. Short tom. 
itMU)/\/\WI\\\I\II){l})/\()l I~1 1:1 
Mif!llouri, Kansa111 Illinois, and Wisconsin........ ...... ............... . ...... 21,600 19,676 
Virginia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 256 
i----t----
Total. ................................................................. · 143, 957 189, 897 
LEA.D•PRODlJOING REGIONS OF THE lJNITED STA.TES. 
Utah.-The production of the Territory has fallen off a little during 
1884. The output since 1871 has been estimated as follows: 
Production of lead in Utah. 
y,.,.. Short ..... I _____ Y_eare_ . _____ j_s_h_o_rt_to_n&_ 
1·············· ···················· J§ !::)::::::::::::;;::;::;;:::::;:: i§ 
1870·········· ························ ·1 19,000 I 1882.................................. 30,000 
1877 · ················ · ················· ~:: rn::::::::::::::::::::::::::::::::::: ::= 
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The Horn Silver mine has remained the leading producer in the Ter-
ritory during the years 1883 and 1884, though its make of base bullion 
fell off during the latter year to 11,700 short tons. The mlne is ex-
pected to show a further sharp decline during the current year unless 
new reserves of lead ore are opened out. A large proportion of the bal-
ance of the lead ore mined in Utah has come from the Binghain dis-
trict, whose shipments during 1884 are estimated to have aggregated 
fully 25,000 shot't tons, containing roughly between 9,000 and 10,000 
tons of lead. The leading producers are the Brooklyn and the Lead 
mines, turning out together considerably more than half of the lead; the 
Yosemite, Spanish, Old Telegraph, and others b_eing among the mines 
with a smaller output. In the Tintic district the Eureka has shipped 
fully 15,000 tons of low-grade ore, chiefly to Colorado smelters; the Peck, 
Bullion, Champion, and others contributing smaller quantities. The 
Black Dragon in the same district has supplied the smelters with the 
bulk of the iron flux required. In the Big Cottonwood district the Max-
.field was the leading mine in point of output. The Utah ores are as a 
1 
rule low in grade, but special efforts have been and are being made to 
concentrate them. 
The report of the Horn Silver Mining Company is of particular in-
terest, because it is the only company, with the exception of the Rich-
mond Company, of Eureka, which converts the ores mined into finished 
marketable products-refined lead and bar silver. It furnishes some 
interesting figures, notably as to the cost of smelting and refining. 
There were smelted in 1883, as thE produce of the mine, at the Francklyn 
furnaces 42,663 tons of ore, wt a cost of $13.40~ per ton against $14.73 
in 1882, a reduction due partly to cheaper fuel since the completion of 
the Denver and Rio Grande railroad, and partly to the working of 
larger quantities. The average assay of the ore smelted was 36.83 per 
CP.nt. of lead in 1883 against 37 .8 per cent. in 1882, and 27 .15 ounces of 
silver in 1883 against 34.2 ounces of silver in 1882. The cost of desil-
verizing and refining at Chicago 15,374 tons of base bullion produced 
was $7.95 in 1883 against $9.05 in 1882. From lead sales the company 
realized $1,193,320.61, from silver sales $1,324,651.63, and from interest 
account $33,824.87, a total of $2,551,807.11; and paid dividends earned 
aggregating $1,100,000; so that the silver nearly paid for the entire 
cost of extraction, treatment, general expenses, and marketing. The 
company has recently issued a circular to its shareholders announcing 
that the developments in the lower levels have thus far not proved sat-
isfactory, a.nµ suspending dividends for the present. In 1884 the mine 
produced 40,000 tons of ore, averaging 30.9 per cent. of lead and 39 
ounces of silver, the cost, delivered on cars, per ton of ore being ~5.07. 
The cost of smelting rose to $14.24, the total cost per ton of base bullion, 
carryipg 123.89 ounces of silver, being $ 48.43. The receipts were -
$707,205.02 for lead, $1,739,225.11 for silver, and $3,924.41 for sundries, 
a total of $2,450,354.54; while the operating expenses, including con-
2 M R--27 
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struction account, were $1,447,208.90. Coke costs $16 per ton, and 
freights on bullion to Missouri river points are $18 per ton. 
Nevada.-Since 1877 the produ ~t of lead of the State bas been as fol· 
lows: 
Production of lead in Nei•ada since 1877. 
Yea.re. 
~ 
1877 ...•.•.....•. .•..... . . • .... .....•. 
1878 ..... . . . ..... ...... .. .... ... ..... . 
1879 .. ....•••.. ..• . .........••.••...• . 







1881 . .•. . .•••.• .•• •• •.• .••. - • • · . • • · · - · 
188:! . .••............••..•.•••..•.... 
1888 ..•••••...... · ·•····• • · . • ...••••. 






The only district of importance, furnishing almost the entire product, 
is the Eureka, in which the Eureka Consolidated and the Richmond 
companies are the principal producers. The following data, taken from 
the last annual reports of these companies, will furnish some idea of the 
conditions affecting the district generally: 
According to the annual report of the Eureka Consolidated Mining 
Company for the year ending October 12, 1884, the company worked in 
its furnaces 14,144 tons of ore, of which 3,~95 tons were custom ore, 
purchased for $117,394.50. • It produced 1,397 tons of bullion, at a cost 
for smelting of $14.29 per ton of ore and $138.20 per ton of bullion, and 
paid about $59.37 per ton of bullion for freig]?.t and refining charges. 
With a great;er product these figures would of course be somewhat re-
<luced, but they indicate clearly that, as compared with other producing 
di8trict in the far We t, Eureka is pretty heavily handicapped by high 
freights and co t of refining. The cost of smelting per ton of bullion is 
bi<Yh because the ore smelted contains only about 10 per cent. of lead. 
The company levied during the year two assessments, aggregating 
100,000. 
The la t annual report of the Richmond Company, for the fiscal year 
1883, shows the product of 9,84.9 tons of Richmond ore and 9,762 tons 
of purclla ed ore to have been 3,256 tons of lead, 479,064 ounces of 
ilver, and 14,750 ounces of gold, t,he total net profit being £30,146, of 
which £27,000 was paid in dividend . The cost of mining was $15.83 
and the cost of melting 11.72 per ton of ore. At the close of the fiscal 
year the company had on band 8,449 tons of lead. During the fir t six 
months of the fl cal year 1884, carrying it up to the beginning of Sep-
tember, the company worked 12,081 ton of ore, producing 1,129 tons 
of lead, 1 3,709 unc of ilver, and 6,446 ounces of gold. It stock of 
lea on ,J nuary 1, 18 5, wa tber fore probably nearly 11,000 ton . 
Both f th c mpani have during the past year begun to work over 
th r d t d daring a former period of pro perity, u ing new 
pr e for which advantag are claimed. Both of them have a 
good d al of gr u d a yet not thoroughly prospected, so that t:ee dis-
tri •t m, y at any time hecome once more an important factor in the 
1 ad tr d . 
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There is a prospect that the product of lead in Nevada will be in-
creased slightly during the present year, as several small smelters in 
Esmeralda county have been started, and preparations are now in 
progress and well advanced for working the argentiferous lead ores of 
Spruce Mountain district, in the eastern part of the State. 
Ooloradu.-This State has remained the heaviest contributor to the 
supply of lead of this country. 
Production of lead in Colorado. 
Years. 
1873 ..... . . ······ · ········•·· ·•····· .. . 
1874 . . ... , .. ..... ... • .• . .............. . 
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1876 ..............•.•........... . ...... 
1877 ...•....•••••.•...•••....•..... . ... 
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Leadville, as the following figures show, has continued to furnish the 
bulk of the lead. For the years 1883 and 1884 the amounts of ore 
shipped and their lead contents are not known, but they continue to 
form the basis of the valley smelters, with too exception possibly of one .. 
·Leadville b-ullion product. 
Years. Tons le i Ounces Ounces Tons of VP..lue of ore-ad. , silver. gold. ore. shipments. 
I 
1877 . .. . .. . . . . . . . . . . . . . . . . ..... .• ..... . ..•. 1 
1878 . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 3 
1879 . . . . . . . •• • • . . . . . • . . . . . . . . . . . . . . . . . . • . 17, 6 
75 I 376,827 3, 750 3,300 $400,000' 
24 I 450,476 897 15,840 2, 3~, 503' 
50 6,004,416 1,100 18,549 2, 85 , 850 
1880 . ... . . . .. . . . . . . . . .. . . ..... . ..... ... . . . 33, 5 
1881 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • . 38, 1 
51 8,999, a99 1,687 12,410 1,460,363 
01 7, 102, !J09 12, 192 15,630 1,016,044 
1882 . . . . . . . . . . . . . . . . .•. . .. . . . ... . . . . . . . . • . 39, 8 
1883. .. . .... .. . . . . ... .. . . .. ... ... ....... .. 36, 8 
1884 . ... ... . . . . . ... . . . .... .. . . . . ... .• . .. . 35, 2 
64 8, 376,802 12,615 22,416 ], 872,604 
70 5, 057, 990 22,330 (1) 6,420,692 
96 5, 720,904 22,626 (n m 
The output of the Leadville smelters, it will be observed, has fallen 
off during the years 1883 and 1884. Unfortunately the lead contents 
of the ores shipped are not known, and it is not possible to speak with 
certainty on the question whether the actual lead produce of the mines 
of the district has or has not seriously declined . 
.A. question which has been agitating some of the mine owners in 
Leadville considerably, and has been the subject of some study on the 
part of smelters, has been the working of a class of ores which have 
been opened out in some mines. They are mixtures of iron pyrites, 
zincblende, and galena, carrying varying quantities of silver. The ap-
pearance of these undecomposed ores has been pointed to by some as 
the first sign of the decline of Leadville's greatness as a lead-producing 
camp, it being claimed that in other parts of the district deeper mining 
would undoubtedly reveal similar changes. It should not be forgotten, 
however, that the dropping out of the list of the. heavy older producers 
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is compensated for by the entering of new ones. There has been a good 
deal of speculation concerning the near future of Leadville from a lead-
producing point of view. It is as urgently stated and as confidently 
denied tbat the yield of the metal will fall off. A calm survey of the 
fieltl would, however, make it seem probable that so far as the imme-
diate future is concerned heavy supplies are available, though not, of 
course, from the same sources. 
It is certain, however, that the smelters, who are wholly or partially 
dependent upon Leadville ores as a supply of raw materials, will be 
forced-as indeed many of them have already been-to provide roasting 
facilities to treat the unoxidized ores. The general practice thus far 
has been to do the roasting in stalls, but it has been found that these 
are not efficient enough, and reverberatory furnaces have been introduced 
in at least one smelting establishment. The principal producers of this 
class of ore have been the Minnie Moore and the Colonel Sellers mines . 
.A lot of several thousand tons of the ore from the latter mine contained 
on an average a little over 26 per cent. of lead, over 21 per cent. of zinc, 
and about 45 ounces of silver. Even after stall roasting little more 
than 5 per cent. of the total charge can be added of this class of ore, 
though rev-erberatory roasting permits of increasing the quantity to 
above 10 per cent. The stall roasting in reality converts only the iron 
pyrites into oxide, and it does not accomplish the principal aim of bring-
ing the sulphide of ziuc to the state of oxide. Though cheaper, it is in 
the end more expensive than reverberatory roasting> and the latter will 
become generally neces ary if larger quantities of ore containing zinc 
a blrnde are to be tr ated. The cost of treatment and the losses are 
heavy, the latter being estimated at 10 to 12 per cent. on the silver and 
15 per cent. on the lead. The charges are adjusted on a varying basis. 
They range between $21 and $22, with a deduction of a given percent-
age from the silver cont nt , and from 25 to 50 cents perunitforziuc above 
a minimum varying between 8 and 12 per cent., while the lead is generally 
paid for on a liding cale ranging from 15 to 25 cents per unit. In the 
aggr gat the e deduction are very heavy, but so long as the silver con-
tent range a high and higher than the example quoted, a fair margin 
remain for the min r. Large <leposits are known to exist, however, in 
the Iron Sil er mine for in tance, which are lower in grade, and cannot 
be mark ted at pre ent charge and deductions for losses and excess 
of zinc. In ilver thi ore ranges between 11 and 14 ounces; in lead, 
b tw 11 15 and 44 per cent.; in zinc from 13 to 24 per cent. ; in iron, 
from 11 to 16 per · nt., and in uJphur from 30 to 40 per cent. It is 
pronounc d t uitab1 for cone utrating, though the silver is fairly 
Y nly di tribut din th galena, bl ude, and pyrites. No step have, 
h w v r, u tak n a. y t to xperim nt with thi material on a work-
ing ale. If fair pri ·ould be r alized for the blende thi ore could 
b ma availabl . nle tbi que tion i olved, however, the Iron 
ilver, which, in 18 , wa the ·heavie t lead producer in Leadville, will 
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fall, in 1885, to a comparatively low rank. Its annual report snows 
some interesting figures. The total ore product was 92,271 tons of ore, 
dry weight, the average moisture having been 12.25 per cent. This 
ore contained 22,712 tons of lead and 1,405,176 ounces of silver, or an 
average of 24.6 per cent. of lead and 15.23 ounces of silver, for which 
was realized $1,484,936.04, leaving a profit of $425,674.23. Some of the 
ore was mined by tributers ; that extracted by the company realized 
$16.01 per ton, the cost of production being $11.51, leaving, thereforn, 
a profit of $4.50 per ton. The cost of mining proper was $9.06, the 
heaviest item being the labor account of $6.03. Improvements and 
developments called for $1.51 per ton, and general expenses for 94 cents. 
The figures for 1884 ham not yet been published, put it is known that 
the lead product of the mine bas fallen off considerably. 
The next largest producer of lead is the Silver Cord Combination 
Mining Company, whose annual report for the fiscal year 1883 con- _ 
tained the following statement by the manager, Mr. T. S. Wood: The 
mine produced 30,084 tons of ore, or deducting the average of moisture, 
13 per cent., 26,179 tons net, containing 6,104 tons of lead, 361,051 
ounces of silver, and 8.084 ounces of gold, for which the smelters re-
turned $496,973.33, their charges being $2,17,769.09, or $8.32 per ton. 
The working expense was $280,714.87, and $30,005.87 was spent on im-
provements, leaving a net profit of $186,252.89, or 26.12 per cent. of 
the value of the output. 
While the appearance of sulphide ores on the one hand and the de-
cline in the output of the largest lead producer are grave questions 
affecting the future, they are not looked upon as likely to have an im-
mediate eff:eet. One point is not generally understood, and should be 
partiGnlarly insisted upon. The lead product of the Leadville district 
is now more largely regulated by the demands on the part of the smelt-
ers for lead ores for fluxing purposes than by the price of the metal in 
the market. Thus it has happened that the prices paid per unit for 
lead in ores bas advanced, while the New York market of that metal 
was declining. The smelters mu.st have lead to smelt the dry silver 
ores, and will get it as long as the silver in the dry ores is able to pay 
for it. Therefore, if lead falls so low in the markets that certain mines 
cannot be profitably worked for the lead they contain, the ores rich in 
silver but poor in lead will be called upon to suffer a reduction in the 
prices paid for their ore. The figures which are obtained for lead ores 
vary according to the demand and supply, the character of the ore, 
whether they are siliceous or contain an excess of oxide of iron. While 
25 cents is paid per unit for 20 per cent. ore, the smelting charge being 
$9, it goes as high as 40 to 45 cents per unit fer 40 per cent. ore, while 
the smelting charge is only $6.50, and in some cases even under $6. 
It is estimateu that in 1884 nearly 90 per cent. of the output of Lead-
ville was oxidized ores, the balance being sulphuret ore. 
The cost of fuel in Leadville bas been reduced very little during the 
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past two years, the current figure for coke being $13 per ton. The cost 
of smelting has therefore declined but little, an<~ is said to range be-
tween $8.50 and $9. 
One of the new camps which is beginning· to attract attention, and 
which promises to become more prominent, is Aspen, where the Aspen 
Smelting Company started its first furnace in July, 1884, and is now 
building a second. The ores, taken from deposits at or near the con-
tact of dolomite and Silurian limestone, carry fair quantities of lead, 
considerable zinc, some copper, and heavy spar as a chief constituent of 
the gangue, and are exceptionally high in silver. The district is fa-
vored by the existence of a 6-foot bed of good bituminous coal, making 
a good coke carrying only 10 per cent. of ash; and by the exercise ~f 
metallurgical skill, a constant watching of the character of the ores and 
of the working of the furnace, it bas been possible, by running hot, to 
overcome·tbe technical difficulties due to the presence of exceptionally 
large quantities of baryta and zinc. On the otlier hand the transpor-
tation to railroad is costly, though this is counterbalanced by the ex-
ceptionally high silver value of the bullion, which carries from 500 to 
over 1,000 ounces of silver per ton. 
The mines of Red Cliff, in Eagle county, tributary to Leadville, are 
est,imated to have shipped ores the lead contents of which foot up to 
about 3,300 tons, the prominent mines being the Belden, Eagle Bird, 
and Black Iron. 
In ibe San Juan district the local smelting works have not, gener-
ally peaking·, proved a success, and attention has been directed largely 
to concentrating the ores previous to shipment. The ores are frequently 
complex and refractory, but the quantity of lead coming from the dis-
trict i in the aggregate considerable. 
One new mine in Colorado, the Madonna, has furnished considerable 
lead <luring the year 1883 and 1884. It is owned by the Colorado 
Smeltin<r Company of South Pueblo, and places that enterprise in the 
favorable condition of having a steady supply of ore high in lead not 
ubject to the competition for this class of ores. The Madonna ore, 
howev r, carrie little ilver, and it utilization furnishes a striking ex-
ampl of the ten<lency alr ady note<l to open out lead depo ' its in spite 
of th ir I w ilver content . 
.lllontana.-The output of lead in Montana has increased somewhat 
during the year 1 8~ and 1884, and may be placed at 5,000 and 7,000 
ton r p cti, ly. At pre ent the leading lead mining camp is that in 
th vi ·init T of Rel na, on which Mr. Waldemar Lindgren furni he the 
f 11 ing not . The y ·tern of metalliferou veins i closely connected 
with a ntact of granit and a probably Cretaceou or Tertiary Jipa-
riti · rock, ut i d cid dly young r than both eruptiorn~, cutting them 
both. The v in , alway tru fl. ur , are from 1 to 10 feet wide and 
carry, in a gangn of quartz, gal na, zincblende, copper and iron pyrites, 
and mi pick I, ru y or nativ ilver being very rare. The galena car-
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ries up t,o 80 to 90 ounces of silver, the blende gentrally 10 to 12 ounces 
of silver the fine pyrites from 0.2 to 0.3 ounces of gold and very little ' ~ silver, while the copper p_yrites seems to carry more silver, and the mis-
pickel generally 1 ounce of gold. In some of the mines the blende 
occurs in comparatively large quantities. 
The principal producers are the Helena Mining and Reduction Com-
pany, at Wickes (formerly the Alta Montana), and the Gregory Con-
solidated Company. The former has been thoroughly reorganized, and 
during the year 1884 produced 3,419 tons of lead, 4,606 ouooe8 of gold, 
620,950 ounces of silver, and 72,491 pounds of copper, paying in divi-
dends $36,000 towards the end of the year, after a comparatively short 
period of building and remodeling of plant. According to the annual 
report covering the period up to November 1, 1884, the cost of mining 
at the Alta mine on 12,938 tons of ore was $5.10 per ton; at the Comet 
mine~ $3. 78 on 20,887 tons; w bile the cost o:f concentration at the mill 
of the former mine was $1.41 per ton, and at the latter $1.24. The cost 
of reduction of 8,003 tons of ore and concentrates was $16.25 for roast-
ing and smelting, the plant consisting of eight roasting furnaces and 
two blast furnaces, with an estimated daily capacity of 75 tons, the fuel 
being chiefly charcoal. Th43 iron ore for :fluxing is obtained with some 
difficulty, the majority of the iron ore deposits in the vicinity being too 
. siliceous. The Gregory Company has five reverberatory roasting fur-
naces and a smelting furnace, running intermittently, which produces 
from 5 to 6 tons of lead per day. In roasting charcoal is mixed in with 
the charge, the fuel being wood. The ore carries considerable zinc, ma-
terial running as high as 15 per cent. zinc having been smelted. 
The problem of the most economical and efficient treatment of these 
ores appears to have approached a solution, and a somewhat larger and 
steadier supply of base bullion may be looked forward to from that quar-
ter. Districts similar in many respects, so far as the character of_ the 
ore deposits is concerned, which have attracted some attention recently, 
are the Red Mountain and Ten Mile, south west of Helena. They are 
spoken of as certainly containing many excellent prospects, the devel-
opment of which has been retarded by difficulties of transportation. A 
concentrating plant is now being erected in the Ten Mile Creek valley 
below the mines, all of which are located very high on t_he mountains. 
In southern Montana the lead smelting center is Glendale, where the 
works of the Hecla Consolidated Mining Company are located. Accord-
ing to the annual report for 1883 the works treated 11,638 tons of ore, 
540 tons of roast a,nd 1,2~3 tons of matte, anu produced 2,602 tons of 
lead, 599,47j ounces of silver, and 402 ounces of gold, together with 
matte containing 63,362 ounces of silver, and 308,519 pounds of copper, 
at a gross profit of $685,396.83, out of which dividends aggregating 
$360,000 were paid. Ill 1884 the smelters, to which a new stack had 
been added, worked 9,210 tons of ore, with 5,891 tons of iron ore, 2,800 
tons of limestone, and 5,508 tom, of slag, using as fuel 82"7,894 bushels 
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of cllarcoal and 958,850 pounds of coke, at a cost of fuel per ton of cb.arge 
of mixture of $5.05. The product was 2,295 tons oflead, 339,925 pounds 
of copper, 656,849.52 ounces of silver, and 248.264 ounces of gold, which 
yielded a gross profit of $241,743.35. 
In northern Montana there is a smelting furnace at Clendenin, in the 
Barker district, which has not produced as much in 1884 as in 1883, 
while the plant of the Great Republic Company at Cooke City has run 
only at intervals, without turning out any notable quantities of base 
bullion. There are smelters also at Maiden and at Argenta, in Beaver-
head county. 
The output of base bullion of the Gregory, Helena, Hecla, and Clen-
denin works in 1883 aggregated 7,636 tons, and rose in 1884 to 12,331 
tons. From tbe desilrnrizers' returns it appears that only a part of 
this product reached the refining works, the balance probably being 
still at the smelters or in transit. 
Idaho.-During 1883 and 1884 Idaho has not, from a variety of causes, 
developed as a lead producer as rapidly as was expected in many 
quarters. The principal reason was, probably, that operations were 
limited in character, pending the completion of the branch of the Ore-
gon Short Line railroad into the Wood River country. Still, the ship-
ments have heen on a fair scale, and the lead contents of the ores and 
bullion which have reached the market during the season of 1884 are 
estimat,ed at about 7,500 tons. The country in which the ore-bearing 
zones have been dfweloped is stated to consist of alternate beds of 
lime tone and quartzite, the stratification of which is little disturbed 
by fault . The ore deposits themselves, limited to the limestone belts, 
are irregular, nor <lo they appear to conform in dip or strike with the 
lim tone. The ore i principally galena, carrying fair quantities of 
ilver; the principal gangue not closely mixed with the ore-bearing 
lime, tone. The or i admirably adapted to cheap dressing, and a con-
id rable number of concentrating plants have been put up during the 
pa t, tw 3 ear ' . The l ading mines thus equipped are the Minnie 
Moor , the Eureka, Idahoan, Bullion, Queen of the Hills, Buzzo, Par-
k r, Ontario, and otb r , ome of which have already sent con iderable 
or to local or oth r m lter . Among other sbippiug mines the Viola, 
at icholin, the Elkhorn, Mayflower, 0. K., and others may be men-
tion d. Other concern like the Senate have been accumulating ores 
for future i-eduction. Tber are a con iderable number of smelting 
pl nt , the Jarg b ing that of the PbHad lpbia Company, at Ketchum. 
Tb di trict i fav r d, a compared with Colorado camp , by having 
a 25 railroad rat n bullion to Omaha and Mi souri point , the local 
ru lting charg eing from 18 to 20, 25 d duction for freight to 
m ha, the curr nt fr igbt 1rom tb re to New York, the lead being 
pail ~ rat w ork rat , d ducting 10 per cent. for lo , and the sil-
v rat w York figur , d du ·tiug 5 p r c nt. Unle s the mining cost 
i carri d to bi~h y th , po ible nece ity for heavy amounts of pros-
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pecting work, due to the irregularity of the deposits, the Wood River 
districts, with cheap concentrating, ranging from 50 cents to $1 per ' 
ton, and comparatively low freight rates, with a good grade of silver, 
should become large and profitable producers of lead at current rates 
and do much toward "(illing the- decline which threatens to occur in the 
production of the metal in other quarters. 
In 1883 the shipments of base bullion from the Wood River region 
were almost double the quantity of those of 1884. On the other hand, 
the ore shipments in the latter year were fully 10,000 tons. A conserv-
ative e&timate made from the returns of the Union Pacific Railroad 
Company shows that the lead product in bullion and ore was 6,000 tons 
in 1883 and 7,500 tons in 1884. Of the latter, 6,650 tons are returned 
by refiners, leaving about 850 tons to swell the product of Utah and 
Colorado. 
New Mexico.-In New Mexico the bulk of the lead produced has been 
turned out at the works of G. Billing, at Socorro, the basis of the enter-
prise being the ore from the Kelly mine, which is low in silver but high 
in lead, other ores being purchased. It is reported that the cost of 
smelting in this locality is lower than at any point in the far West. 
The product of the Territory is estimated at 2,400 tons in 1883, and at 
6,000 tons in 1884, which latter figure in all probability will be main-
tained for the present, if it is not materially increased. 
Arizona.-Thus far the lead product of Arizona has been small, and 
is practically confined to the operations of the smelting works at Ben· 
son, Cochise county,. and a small quantity produced at Tombstone. 
The Howell works, which turned out considerable bullion in 1883, have 
been closed. The Benson works have not run continuously. They rely 
upon a lead ore low in silver as the basis of their operations, and have 
made a fair profit when working. The smelter of the rrombstone Mill 
and Mining Company was built to work the concentrates of tailings, 
which carry lead, heavy ores being purchased in addition. A fair quan-
tity of Arizona lead ores goes to smelters in Colorado and to refining 
works. 
Missouri, Kansas, Illinois, and Wisconsin.-A further decline has 
taken place in the yield of the non-argent1ferous lead districts of these 
States. In 1883 the output of the Saint Joseph Lead Company, at 
Bonne Terre, Missouri, bad suffered from the destruction of its works 
by fire, but in 1884 it again rose, and during the current year a further 
increase, which will carry it beyond a quota of 50 per cent. of the whole 
output of these States, is expected. Mine la Motte will probably hold 
its own this year, the mines looking as well as in 1884. 
In Wisconsin the greater activity in mining, caused by a local mar-
ket for the zinc ore, has led to an increase in the product of galena, the 
bulk of which is sold to <lesilveriziug works for special purposes. Some 
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In Illinois lead mining has almost entirely ceased, only very small 
quantitie~ being raised. 
Messrs. John Wahl & Co., of Saint Louis, estimate the output as fol. 
lows for 1883 and 1884 : 
IHstriots. 1883. 1884. 
Short tons. Short to11s 
Southeast Missouri ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 11, 693 14, 979 
Sbuthwest Missouri and Kansas.............................................. 7,644 2,437 
Total ..................................................... : ............ . 19,337 17,416 
Messrs. Stone & Gove, of Galena, Kansas, have compiled some inter-
esting figures in regard to the production of lead ore of that section, 
estimating its lead contents at 3,619 tons for 1884. Messrs. Wahl & 
Co.'s figure is therefore evidently too low, and there must be counted 
in addition 697 tons of lead from Kansas, Wisconsin, Illinois, and Mis-
souri ores purchased by refiners. We therefore estimate the total pro-
duction of non-argentiferous lead at 19,676 tons. 
The Kansas district has rapidly decreased in the past two years in 
the production of lead ore, because the rich surface pockets within the 
depth of 30 to 70 feet have been worked out, and particularly because 
attention has been attracted to zinc mining. 
The following table gives the yield since the year 1873, according to 
the estimates of M~. E. A. Caswell, with the exception of the year 187 4: 
Production of non-argentiferous lead in Missouri, Kansas, IlUnoiB, and Wisconsin. 
Years. Southwest Galena 
district. district. 
Short tons. Short tons. 
1878 . .. . . . . . . . . . . . . . . . . .. . . . . .. . . . . .. . . . . . . . . . . .. . . . .. . . . . . . . .. . . . 15, 045 7, 886 
1875 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . .•. . .. . . . . . .. . . . . . . . 19, 099 5, 600 
1876 . . . . . . . . . . . .. . . .. . .. . . .. .. . . .. . . . . .. . . . .. .. . . . . .. . . . . . . . .. . . . 19, 225 7, 196 
1877 . ..... .... . ... ... . .... .. ...... ...... .... .......... . ... . .... . . . 24,734 6,418 
1878 . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . 22, 278 4, 492 
1879 . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . .. . . .. .. . . . . . . . . . . . 25, 330 2, 800 
1880 ......................................................... . .......... ................ . 
1881 . .............. .. ............. . .. . ... . ...................................... . ....... . 















Mr. F. de Stwolinski has furnished the following data on the lead and 
zinc region of southwe t Missouri, embracing all the counties forming 
the outhwe tern corner of Mi ouri, or McDonald, Newton, Jasper, 
Dad , Lawrence, and Barry counties, and the southeastern corner of 
Kan a , in Cherokee county. The ore occurs in the sub-Uarbonfferou 
lim t ne , very irregularly di tributed. At Joplin, the center of the 
di trict, the A.tlaotic, th Pacific, and the Florence mining companies 
are at work n land b 1 aging to the Picher Lead and Zinc Company. 
0th r parti w rking in the di trict are the Lone Elm Mining Company, 
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Guinn & Lloyd, Haskell, Hicks & Ditman, Ontario Mining Company, 
and Lucas and Collins on the Paxton lands. South of Joplin there are 
a number of mines in operation, among which those of E. B. Leonards, 
at Roaring Spring, and the Leckie mines at Gordon Hollow are prom-
inent. Twelve miles south of Joplin the Spurgeon mines are being 
opened up with good prospects of success, while the Mosley mines near 
.by are heing reopened. Four miles east of Joplin are the Dill ville mines, 
operated by the Hammett Lead and Zinc Company, and the old Burch 
mines, worked by Pennsylvania parties . 
.At the Short 0reek mines in Cherokee county, Kansas, 7 miles west 
of Joplin, J. Murphy is operating mines and two concentrators; the 
Galena Zinc Company, a crusher and c·oncentrator; Boyce, a crusher 
and concentrator; Cody, a custom works; S. L. Cheeny, a concentrator; 
Southside Mining and Smelting Company, a smelter; and the Excelsior 
Crusher Company, a crusher and separating works. .At Stanley, 2 miles 
northwest of this point, Schermerhorn & Tam blye are mining, and there 
is also located there the O'Neil crusher. The Granby Mining and Smelt-
ing Company bas a smelter and concentrator and are working also at 
Oronogo, 7 miles north, and at Granby,20 miles southwest. Two miles 
north of Joplin work is being done by Lee Taylor and the Sterling Lead 
and Zinc Company; while 4 miles north of Joplin the West Joplin Lead 
and Zinc Company is mining at the Sherwood diggings. Lehigh City, 
about 7 miles northwest of Joplin, is the scene of considerable activity, 
and a large number of mines are being worked at Webb City and at 
Carterville. 
REFINING AND DESILVERIZING WORKS. 
The desilverizing and refining of argentiferous base bullion has grown 
to a business of great magnitude, which" is now 'COnducted with a skill 
and on a scale not equaled elsewhere. The following works are act-
ively engaged in the business : Selby Smelting and Lead Company, San 
Francisco, California; Richmond Mining Company of Nevada, Eureka, 
Nevada; Germania Lead Works; Salt Lake City, Utah; Pueblo Smelt-
ing and Refining Company, Pueblo, Colorado; Omaha and Grant Smelt-
ing and Refining Company, Omaha, Nebraska; Kansas City Smelting 
and Refining Company, .Argentine, Kansas; .Aurora Smelting and Re-
fining Company, Aurora, Illinois; Saint Louis Smelting and Refining 
Company, Saint Louis, Missouri; Chicago Smelting and Refining Com-
pany, Chicago, Illinois; Horn Silver Mining Company, Chicago, Illinois; · 
Pennsylvania Lead Company, Mansfield Valley P. O .. , Pennsylvania, 
and Newark Smelting and Refining Works (Edward Balbach & Son), 
New3l'k, New Jersey. The Castle Dome Works, the Delaware Lead 
Works, and the Manhattan Smelting and Refining Company have not 
done any work for some time. 
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REVIEW OF THE LEAD MARKET. 
The following table gives the highest and lowest prices monthly for a 
series of years : 
Biqhest and lowest prices of lead at New York City, monthly, from 1870 to 1884 inclusive. 
[Cents per pound,l 
January. February. March. April. May. June. 
Years. ..,; ..,; ..,; ..,; ~ ..,; ..,; 1 t ...; ..,; ...; Ct2 r1J Ct2 Ct2 ct' <ti G) <ti G) Ct2 G) G) <ti G) GD 
fc 
G) ,cl G) ,cl G) ,cl G) ,cl G) ~ 
G) 
I!: bC I!= bC I!: .~ Ii:: bC I!= I!= 







H H H P=I H H ..:I ----------
1870 . ••••..•..•..••..••. a6. 30 6. 20 6. 25 6.17 6. 20 6.10 6. 25 6.15 6. 25 6. 20 6. 25 6.20 
1871. •.•....•..•••...••. a6. 30 6.15 6. 25 6. 20 6. 20 6.15 6. 20 6.10 6.18 6.10 6.15 6.12 
1872 .•••. . .......•••.••. a6. 00 5. 90 6. 00 5. 87 6. 00 5.87 6.12 5. 90 6. 62 6. 25 6. 62 6.40 
1873 .•••. . .••........... a6. 37 6. 25 6. 50 6.4o· 6. 50 6.25 6. 50 6. 25 6.6~ 6. 35 6. 55 6.12 
1874 .................. . a6. 00 5. 90 6. 25 6. 00 6. 25 6. 12 6. 25 5. 90 6. 00 5. 75 6. 00 5.62 
1875 . •••. .....••••••..• - a6. 20 6. 00 5. 90 5. 85 5. 75 5. 62 5. 87 5. 80 5. 95 5. 90 5. 90 5. 75 
1876 . •. . .•••••.••....... a6. 00 5. 87 6. 37 6. 00 6. uO 6.40 6.40 6.12 6.50 6.10 6. 50 6.25 
1877 .••••. . ••..••••.... . b6.15 6.12 6. 40 6. 20 6. 75 6. 50 6. 50 6. 25 6. 00 5. 55 5. 70 5. 60 
1878 . •.. .• ••...•.••...• . 4. 35 4. 00 3. 87 3. 65 3. 87 3. 62 3. 75 3. 50 3. 50 3. 25 3. 50 3.12 
1879 . ......•..•.•••.... 4. 50 4. 00 4. 50 4. 50 4. 50 3. 25 3. 25 2. 87 3.12 2. 87 3. 80 3.12 
1880 .•••.•..• 6.10 5.5'.l 0.00 5. 87 5. 95 6. 30 5. 75 5.40 5. 25 4.40 4. 75 4. 50 
1881. ......••....••..... 5. 00 4. 30 5.10 4.80 4 86 4. 62 4. 85 4. 37 4. 70 4. 25 4. 50 4. 25 
1882 .•••••..•..••••.... 5. 15 4. 95 5. 20 5. 00 5.12 4.83 5. 00 4. 90 4. 85 4. 60 4.90 4.55 
1883 .•••••.•..•• . •...•. . 4. 70 4.60 4. 60 4. 50 4. 65 4.50 4. 62 4.40 4. 55 4.40 4.45 4.40 
1884 .•..•. ·•·•···••···•· •. 50 3. 75 4.10 3. 75 4.15 4.10 4. 05 3. 62½ 3. 75 3. 52½ 3.65 3.57. 
July. August. September. October. November. December. 
Years. t 
I 
..,; ..,; t ~ .... ~ 
I 
...; ..,; ...; .I ..,; <ti r1J Ct2 
G) i G) G) r1J G) r1J G) r1J G) <ti ,cl ~ 
G) ,cl G) fn 
G) 
~l) 
4) ,cl G) 
bl) I!: ~ t,l) I!: I,:: I!: bC ~ 






~ ~ ~ 
0 
H H H H ..:I --------
6. 80 , 6. 20 1870 .••••..••••. . •...• •. 6. 37 6. 32 6. 37 6. 30 o. 37 6. 25 6. 35 6. 25 6.35 6 25 
1871. ••..•.••• ••..•..... 6.15 6.10 6.12 6. 00 6.10 6. 00 6. 00 5. 87 6. 00 5. 90 6.00 5.75 
187'.l ........... .. ....... 6. 62 6. 40 6. 50 6.40 6. 50 6. 30 6. 62 6.40 6. 60 6. 50 6.60 6.42 
1873 .......... .. ....... 6.121 "" 6. 25. 6.00 6. 62 6. 37 6. 75 6. 25 6. 50 6. 00 6.12 6. 00 1874 . ••••..•• .....•. .... 5  80 5. 62 5. !lO 5. 65 6.10 5. 65 6.35 6.10 6. 50 6. 25 6. 40 6.12 
1875 .••.•..••. .••• ....• 6. 00 5. 95 5. 95 5. 87 5. 87 5. 70 5. 65 5. 60 5. 87 5. 65 5. 95 5.87 
1876 . .•.•••••••• .....• . . 6. 35 6. 20 6. 37 6. 25 6. 25 6. 00 6. 00 5. 80 5. 80 5. 70 5. 70 5.65 
1877 ........ .. .... . .. . .. 5. 60 5. 37 5.12 4. 90 4. 85 4. 75 4. 85 4. 25 4. 75 4. 50 4. 60 4. 50 
1878 .•••.•.••••• . . . •. ... 3. 62 3. 25 3. 50 3. 20 3. 45 3. 25 3. 60 3. 87 3. 95 3. 60 4. 00 3. 90 
1879 ....•.•••• . ..•.• . . •. 4.10 3. 90 4. 05 4. 00 4. 00 3. 75 5. 50 4. 00 5. 62 5. 00 5. 60 5.50 
1880 .••••••••• .• ..• .• •. . 4. 75 , 4. 25 5. 00 4.30 4. 90 4. 80 4. 87 4. 65 4. 85 4. 75 4. 75 4. 25 
1881. •••••••••.••.•..••. 4. 90 4. 50 4. 95 4.75 5. 87 4. 95 5. 25 4. 87 5. 25 4. 90 5. 25 5.00 
1882 . .. ................. 6.15 4. 90 5. lO 4. 95 5.15 4. 95 5.15 4. 85 4. 90 4. 50 4. 75 4.50 
1883 .•.. . ............... 4. 40 4. 30 4. 30 4. 20 4. 82 4. 30 4. 32 4.12 4. 05 3.65 3. 75 3.60 
1884 .......... ·· ···· . .. . 8. 70 I 3. 55 3. 70 3. 52½ 3. 75 3. 55 3. 75 8. 60 8. 65 3. 37~ 3. 75 3.50 
a Gold. b Currency. 
n av rage of the ale reported in the Engineering and Mining 
Journal during the year 1 3 and 1884 from week to week in the three 
principal m, rket , ew York, Chicago, and Saint Loui , aggregating 
in 1 50,2 0 ton , will yi Id a fair approximation to the figures at 
hich 1 ad ha old. The ale at Saint Louis and Ohicag-o are of 
conv rted into their equivalent laid down in New York. 
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.Average market price of lead at New York city. 
Periods. 
First half, 1883 ................................ . 
Second half, 1883 ........ .. ......... p ......... .. 
Average, 1883 . .. . .. . .. . . .. . ................ . 
First half', 1884 ................................. . 
Second half, 1884 ............................... . 










These :figures, of course, are the average, irrespective of different 
brands and qualities, and, as they Q.O not include jobbing sales, repre-
sent, very closely the average result of wholesale transactions. The 
differences between market prices of the different qualities of lead have 
become much smaller than they were formerly, and are rarely larger 
than 5 cents per hundred pounds, or $1 per ton. 
1883.-During the year quotations have moved within the following 
monthly range : 
Price of lead in 1883. 
[Cents per pound.] 
Months. 
January ......................................................................... . 
February ....................................................................... .. 
· March ........................................................................... . 
April ........................................................................... .. 
May ......................... . ................................................... . 
.Tune .... . ......... . .............................................................. . 
July ............................................................................ . 
!~!if~~~:::::::::::::::::::::::::::::::::~:::::::::::::::::::::::::::::::::::::: 
November ........... . .......................................................... .. 


























Opening quietly, though with some :firmness, notably in .the West, 
until in the beginning of the month of March about 3,000 tons were 
taken, principally by the trade, an effort to depress prices being made 
later in the month by additional sales at lower prices. April passed 
quietly, while May opened with the placing of about 3,000 tons among 
consumers on the part of the representatives of two large works. Buyers 
were thus tolerably well supplied, especially as the demand for manu-
factures during the first quarter of the year was very light. Under the 
impression that stocks were accumulating, buyers held off persistently 
in the beginning of July and the market weakened. Holders during 
the entire month maintained a firm attitude, and though they made 
every efl'ort to stay a decline, the tone remained unfavorable. In 
August there was pnctically a deadlock, relieved only during the close 
of the month by a tendency on the part of western holders to pick up 
odd lots. In the second week of September there was greater activity, 
but it showed clearly that the market swerved promptly under any at-
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tempts to market larger quantities of lead: The fact was gener:ally un-
derstood and appreciated that the market was artificially sustained;. 
that there was no scarcity of the metal, and that on the contrar.v the 
load which holders were carrying was growing steadily day by day. 
Buyers did not therefore depart from their waiting position, and the 
niarket continued dull. In the beginning of October an offer of 4 cents 
for the stock of 2,000 tons of Richmond lead was declined, and later a de-
cline was brought about by the forcing of some lots. Thus the dead-
lock continued until November, which opened with large sales at a de-
cline to 4 cents, followed a week afterward by another plunge down-
ward to 3.75 cents. Some other large sales, partly speculative were made 
at 3. 70 cents and the month closed dull with the metal at 3.65 cents. De- · 
cember was very uneventful, and it was only towards the end of the 
year that holders again showed a tendency to stiffen. 
1884.-During 1884 the price of lead fluctuated as follows from month 
to month: 
Price of lead in 1884. 
[Cents per pound.) 
Months. 
January ........ ................................................. ................ .. 
~~~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
~1::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
June ............................................................................ . 
July ................ .......... .. ................................................. . 
!it!~~~:~~~~-::::::~:::::~:::::::::~:::::::::::::::::::::::::::::::::::::::::::: 
November .... . . .. ........ . ..................................................... .. 


























The year started with an advance by holders to 4 cents, and after 1,200 
ton had been taken off the bands of the holders by a western firm, con-
sumers followed uit, taking about 800 tons at the range of 4.22 to 4.25 
cent , when th asking price was promptly raised to 4! cents. The 
o ten 'ible rea on for this advance was the restriction of the output 
in the We t due to the ob truction of transportation by snowfalls. It 
brought out offer of Spanish lead at 4.50 cents, though the advance 
here reacting upon Europe soon ran the limits above that figure. It 
became known afterward , too, that the we tern corroders had entered 
int an agreement not to go into foe market, and suddenly the pur-
eha er of large bl ck early in the month became a free seller, and in a 
few day o er 2,000 ton of lead were old, the bulk at 4 cent", and at 
th nd of the mouth lead wa freely offered from the We t at 3. 75 cents 
without t mpting buyer , who were frightened by the erratic movements 
f th m tal in what i generally, so far a con umption is concerned, 
th lull t month in the year. February again witnessed considerable 
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manipulation, a speculative purchase of 500 tons being made early in the 
month, followed by an advanced asking price to 4 cents. This was fol-
lowed up by further buying by the same parties of about 1,500 tons at 
4.10 cents, without, however, inducing consumers to take bold at once. 
They did, however, in March buy about, 2,500 toIJs at 4.10 to 4.15, leav-
ing the market in a dull, stagnant condition for the rest of the month. 
Early in April holders again weakened, parting with about 1,000 tons, 
the bulk of it at 4 cents. For a week or two the market remained dull, 
the Richmond Company declining an offer of 4-k cents for 10,000 tons, 
to be delivered in blocks of 1,000 tons per month. A pressure to sell 
became manifest, and suddenly the market gave way under sales of 
upward of 5,000 tons for June, July, and August delivery at 3.75, fol-
lowed by the sale of odd lots at 3.62~ and 3.65. Consumers, being heav-
ily stocked, were apathetic, and the greater part of May passed with 
small sales down to 3.52-z. A meeting of the representatives of the re-
fining works, held in Chicago on the 22d and 23d, led to no results what-
ever so far as any action looking toward a betterment of prices was 
concerned, though the market . <lid temporarily stiffen · to 3. 75 cents. 
June passed by very quietly, the bulk of the sales being made at 3.57¼ 
cents, while the highest point touched was 3.65 cents, and July showed 
only a temporary improvement toward the end, which was, however, 
lost in August, sellers being quite urgent, while buyers followed a 
waiting policy, which they clung to, in spite of the approach of 
the bu~y season, until the middle of September, when purchasers 
on their part advanced the metal to 3.75 cents. In October small 
speculative purchases were made, but the November product remained 
unsold and the market displayed a weakening tendency, which in the 
second week of Nornmber led to almost a panic in the metal. Starting 
with small sales at 3.55 cents, over 1,000 tons were disposed of to con-
sumers at 3.50 ceuts, followed up by small parcels at 3.45 and 3.40 cents. 
The lowest point touched was 3.37¼, and with the December product 
as yet unplaced, the outlook was unpromising, when it became known 
that a strike in the Colorado coal fields, threatening to cut oft' the sup-
ply of coke, temporarily created a better feeling. In the beginning of 
December the principal bolder advanced bis price to 3.50 cents, and soon 
afterward to 3.75 cents, but wbat little lead was wanted was apparently 
available at 3.60 cents, and the year closed with the market flat and dull. 
The year bas in an exceptional degree been influenced by manipulation, 
which, it will be noticed, was not always successful. It did probably 
have the eft'ect, however, of keeping values at a higher level than they 
might otherwise have been. Considering the general depression of bus-
iness, and the heavy production, the consumption was certainly very large 
and gives encouragement to the belief that even a small decline in the 
output, or some improvement in general business, will carry ·values to a 
higher level. 
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IMPORTS. 
The imports of foreign lead have fallen off to insignificant figures 
since our home mines developed with such marvelous rapidity. The 
following tables give in detail the quantities of ore and dross, pigs and 
bars, sheets, pipe, and shot, and other manufactures not specified, "im· 
imported since 1867: 
Lead imported and entered for consumption in the United States, 1867 to 1884 inclusive . 
. 
Q) 
Ore and dross. Pigs and bars. Sheets, pipe, Shot. Ill and shot. ·;,rj 
Fiscal 
~~ a3 years t> r,:, t' t, = ending ..c:10 ell 
cD ~ ._,Q;> I> Jnne30- '.-3 cD i cD :i:i cD ol=l< ~ ~ ~ § ~ Ill ~ = ts! ~ .., = I>- = = "@ = 0 ~ O' O' I>- O' I>- O' I>- ~ E-i 
-----
Pownds. Pounds. Pounds. Pounds. 
1867-. .... 611 $25 65,322,923 $2,812,668 185,825 $9,560 ·--····· . .......... $6,222 $2,828,475 
1868 6,945 239 63,254, 677 2,668, 915 142,137 7,229 ---··--· ............ . 6,604 2,682,987 1869 ....... . -.. - - - . 87,865,471 3,653, 481 807,424 15,531 . . ....... ------· 18,885 3,687,897 
1870 ....... 5,973 176 85,895,724 3,530,837 141,681 6,879 ---- ---·- ......... . 10,444 3,548,336 
1871. ...... 316 10 91,496,715 3,721,096 86,712 4,209 .......... ........ ... 8,730 3,734,045 
1872 .. ..... 32,331 1,425 73,086,657 2,929,623 12,518 859 .... ..... ------- 20,Hll 2,952,098 
1873 ....... ·- --- 72,423; 641 3,233,011 105 12 420 $50 21,503 3,254,576 
1874 .... ... ---- -· 46, 2u5, H>4 2,231.817 --- ------ ......... . 30,219 1,349 36,484 2,269,650 
1875 ....... 13,206 320 32,770,712 1,559,017 ···· ·---- ...... .. . 58 4 25. 774 1,585, 115 1876 ... ... . 14,329,366 682,132 ········· .......... 20,007 1,204 27,106 7JO, 442 1877 .. .... 1,000 20 14, 5e3, 845 671,482 .. ····- ........ . 16,502 1,242 1,041 673,785 1878 . . . ... . 6,717,052 294,233 ---·-···· ··-- ---- 15,829 963 113 295,309 1879 .. ..... .... ... -- --· - 1,216,500 42,983 ---·-·· ·-·· ... 3,748 209 930 44,122 1880 ...... 6,723,706 246,015 ·· -···-·· . ........ . 1,120 54 371 246,440 1881. .... .. 5,981 97 4,322,068 189, 129 .......... ---···-· 900 65 1,448 160,734 1882 ....... 21,698 500 6,079,304 202,603 .. ..... ...... .. . 1, 469 99 2,449 205,651 
1883 . .. .... 000 17 4,037,867 130,108 --··· ···· ··--· 1,510 79 8,030 138,234 1884 . ..... . 419 13 3,072,788 85,895 15,040 630 ········ --·-·· · 1,992 88,030 I I I I I 
Old and scmp lead imported and entered for consumption in the United States, 1867 to 1884 
inclusive. 
Fiscal years endingJune30- Quantity. Value. FiscalyearseildingJune30- Quantity. Value. 
1867 ... . .....•............ .. 
1868 ... . .............. ····· · 
1809 .... .... ...... .. ....... . 
1870 ........... .. .......... . 
1 71 . ..........•............ 
18i2 ...................... . 
1873 ............ ...•... ..... 





















1876 .... .............••.... 
1877 ..............•........ 
1878 ......... -~ ············ 
1879. ···•·· ······ .....•... . 
1880 ..............•..•..... 
1881. ··•··•····•••••• ..... . 
1882 .............•......•.. 





















Lead ashes imported and ente1·ed for conllumption in the United States, 1869 to 1881 
inclusive. 
Fiscal years ending Jone 30-
1 60 . ····· · .•.......... ······ ··•··· ..... . 
1 70 ···································· 
1871. .................... . .•.... .. .•..•. . 
1 72 ..• ...... .....•...• . .•••. ... ···-· ... . 
1 3 ... ..... ........ ... ········ ...... . .. . 








Fiscal years ending June 80-
1875 . ...•• .....•.••..•.••... ...••....... 
1876 ..•... .•. ••... •.•..••... ·•··•· ·•••·· 
1877 . •. ·····•···· ...... ...•...•.•.•... . 
1878 . ..... ·····•·········••••· .••.•••••• 
1879 ..... ..••....•••..•••••...•.•••..•.. 
1881(a} ..•• ..• .•...•••••••••••••.••...•. 
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EIPOBTS. 
Except during the period of 1842 to 1846, both fiscal years included, 
and in the years 1878 and 1879, when considerable quantities of lead 
were sent to China, the export movement of lead has always been in-
significant as compared with the home production. 
Lead and man·uf actureB of lead, of do1neBtic production, exported front the United State,. 
Fiscal years endinp: September 30 un· 
til 1842, and June 30 since. 
Manufactures of-
Le_ad. Pewter and lead. 
:Bars, shot, etc. 




1790. .•••.• ...• •. .••••. ..•••. .•••••.... 13,440 :j:810 . .•..•.•.• ··••··. .. . .••••••••. $810 
1803 (barrels) . • • . . . . • • • . . . . • . . . . . • . . . • . 900 . . . . . . . . • . . . • . . . . • • . . . . • . • . • • . . • • • • . . . . . . •••...... 
1804. . . . . . . . . . . . . . • • • . . . . . . . . . . . • . . . . . . 19, 804 . . . . . . . . . . . . . . . • • . . . . . • . . • . . . . . . . . . • . • . . . ••.••...• 
1805. . . . . . • . . . . . . . . . • • • . . . • . • . • . . . . . . . . 8, 000 . . . . . . . . . . . . • . . . • • . . . . • . . • • • • . . • • . . • . • . . . •••••••.• 
1808................................... 40, 5sa ......•...••••.•.•....••.•.••.••••••.••..•••••.•.. 
1809. . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • • . 126, 537 . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . • • • . • • • • . . .•..••.•• 
]810.. .. . . . . . . . . . .•. • •• .•. • . . . .. . . . . •• . 172,323 ..•.........•..•.••..••.••..••.••••••••..••••••••. 
1811. . . . . . . . . • . . . . . . • • . . . • . . . • . . . • . . • • . 65, 497 . ...••••.........•••.••••••••..••.•••••..••.•...•• 
1812 .... .• . . . . . ... .••.. .•. .•••.• ... • .. 74,875 .............. ··•••· .......................... -··· 
1813. . • . • . • . . . . . . . . . • . . . . . . . • . • • • . . . . . 276, 940 . . . . . . . • . . . • . . . • • • • • . . . . . • • • • . . • • • • • • • • • . ........ . 
1814................................... 43,600 .......... ·····••••• ............................ .. 
1815 . .. ... ········••·····•···••••··••· 40,245 .......... ·····••••· .................... ······••« 
181.6................................... 35,844 ...... • ••••••••• ··········[ .. 
mt:::::::::::::::::::::::::::::::::: m: ~~~ . ··~~: :~: :::::::::: :::::::::: ::::::::::,···-~r ::~ 
1819.......................... •. . . . . • . . 94, 362 7, 549 . . . . . • • • . • . • • . • ••• • • . . • . . . . . . . 7,549 
18::!0 ...............•.... . ·. . . . . . . . . . . . . . 25, 699 1, 799 . . . . . . • • • • . • . . • • • • . . . . . . . . • • . . 1, 799 
1821. . . . . . . . . . • . . . • • • • • . • • . . . . . . . . . . . . . 56, 192 3, 512 . . . . . . . • • . . • . . . • • • • . . • • . • • . • . . 3, 512 
1822. • •••• • ••••••••••• ••• • •• • • • •• •••••• 66,316 41 244 . • • • •••• •• • •• o •••••• • •••ro•• • • 4,, 244 
1823........... •. . . . . . . • . . • . . . • . . . •. • . . 51,549 3,098 . . • . . . . • • . . • • . .••••• • . • . .•• ••. 3,098 
1824.. .•• •• . •• • • . .•. • .• •. . • •• . •.• . • . . . . 18,604 1,356 • 1,356 
m~: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~:~: ~g~ 1:: ~~~ . : : : : : : : : : : : : : : : : : : : i:::: : : : : : : 1:: m 
mL::::::::::::::::::::::::::::::::: ii!Ji~ im :::::::::: ::::::::::[::::::: H* 
1830........ .. • • . . . . • • . . .. . . . . .. . . . . . . . 128,417 4,831 . •• . . . . • . . . . . . . .. . . • . . . . • •.• • • 4,831 
1831................................... 152, 578 7, 068 . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . 7, 068 
1832......... .•• • .. . . . • . . . • • . . .. . . . . . . . 72,439 4,483 . • • . . . . . . . . . . . . .•. . . . . . . .. .• •. 4,483 
1833 . ...... . ..• .'. .•• • •• . . . . . . . . . . . . . . . . 119,407 5,685 . . • . . •.• . . . . . . . . • . •. . . . . . . . . . . _5, 685 
1834...... .. . . . . .. . .• . .. . . . . . . . . . . . . . . . 13,480 805 . .•. . ..... _. ... .. . •. . . . . . . . . . . 805 
1835.. •.• . • . .. . . . . . . . . . ... . . . . . . . . . . . . . 50,418 2, 741 . • . . . . . . . . . . . . . .. . . . . . • . .•. . . . 2, 741 
1836................. .. ....... .. . . ..... 34, 600 2, 218 . . . . . . . . . . . • • . . • • • . . . . . . . . . • . . 2, 218 
1837 . ...................... .. .......... 297,488 17,015 . . . . . . . . . . . . . . .•. . . . . • • . . . .. . . 17,015 
1838.......... . . . . . . . . • . . . . . . . . . . . . . . . . 375, 23.l 21, 747 . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . 21, 747 
1839................................... 81,377 6,003 . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 6,003 
1840 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 882, 020 39, 687 . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . 39, 687 
1841.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,177,164 96, 748 . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 96, 748 
1842 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 14, 552, 357 523, 428 . . . . • • • • • • . . . . . . . . . . . . . . . . . . . . 523, 4'28 
1843 (nine months).......... . ......... 15, 306, 918 492, 765 ...... ..... ..... _... . . . • . . . . . . 492, 765 
1844 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18, 420, 407 695, 238 . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . 595, 238 
1845. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 188, 024 342, 646 . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 342, 646 
l 840.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 823, 766 614, 518 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 614, 518 
1847 .........••••...•.•..•......... ·.. . 3,326,028 124,981 . . . . . . . . . . .•• . . . . . . . . . • . . . . . . . 124,981 
1848.......... . . . . . .. . . .. ... . . . . . . . . . . . 1, 99t, 704 84, 27S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84,278 
184!) .. .......... - . . • • • . . . . . . . . . • . . . . . . . 680, 249 30, 198 . -................. · 1 ·..... . . . . 30, 198 
1850. . . . . . . . • . . . • • • • . . . • . . . . . • . . . . . . • • . 261, 123 12, 797 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 7ffT 
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Lead and manufactures of lead exported, fc.-Continned. 
Fiscal years ending September30un. 
til 1842, and June 30 since. 
Manufactures of-
Lead. Pewter and lead. 
Bars, shot, etc. 





1865 ..•••••••••••••••••.•.••..••..••. . • ······•···•· ··•······· 
1866 ...•••.•••••.••.••••••.•• _ •.••••...••...••.••.....•..••. 
1867 .....••..••.•••••••••••.••••••.•••..••.......•...••...... 
1868 ... .••••..••••.••.••••.•••••• •···•· ·•····•·•·•· .•.•...•• . 
1869 ...•••.•.•••••••••••••••••••••••••. ·•···••···•· .•...•. -- . 
1870. .•••• •••• •• . •• . • . • . . . • • •• • •.• • • . . . . . •• . . ••. • . . $28,315 
1871...... . • • . . . • • . • . . • • • • • •.••...•.• . _... . . • . . • . . 79, 880 
1872 . • • • . • • . • • • . • • . . • • • • • • • • • • . • • • • • • . . . • . . . . . . • • . 48, 132 
1873 . . . • • . • . • • • • • • • . • . • • • • • . • • . . • • • • • • . . • . • • . • . • . • . 13, 392 
1874 .•.••• •••·•••••••••••·•••••·••••• -· ·••·••··.... 302,044 
1875.. ..• • • • . • . • . ••••• . •••• •• ••• • •• . • • . • • •. . • • . . • . . 429,309 
1876 . .... ••• . • . •• . • ••• • ••• • •• ••• • •• . • • . . • • . . • . . . . • . 102, 726 
1877. . . . . • . • . • • • • • • • . • • • • . . . . • . . • . • • . . . . • . . . . • . . . . . 49, 835 
1878.............. •. • • •. • . . • • • . . •• •• • •. . • • . . . •.. • . . 314,904 
1879 .•....•....•.•••.••..•••••• ~....... . . • . . . . . . . . . 280, 771 
1880. • • • . . • . • • • • . • • . . . . . • • • • • . • • • . . • • • . . • • . . . • . . . . . 49, 899 
1881. ............................ ........... .. .. ... _. 39, 710 
1882 . . .• . . . . . . . •••• •• . • • • • •. • • • . • . .. . • . . . . . . • . . . . . 178, 779 
1883.... .•. • • . . • . • . . •• . • • • . .• .• . • • •• . •• . . • . . . . . . . . . · 43,108 




































For many years the United States has been practically independent 
of foreign markets of lead, and the statistics of the foreign production 
possess only a general interest. They can affect our own makers only 
in two contingencies, barring a reduction of the duty-either by check 
ing a rise above the importing point, which seems improbable in the 
near future, or by so serious a decline of values here that exports to 
foreign countries become possible, a case which seems almost as far 
removed. 
The production of lead in the world has been estimated as follows: 
The world's production of lead. 
Countries. 1876. 1881. 1882. 1883. 
Metric tons. Metric tons. Metric tons. Metric tons. 
Spain . -. .. ... - . . . . . . . .• .. . . . . . . . . . . • . . • . . . . . . . . . . . . . . 101, 522 105, 809 115, 368 126, 889 
German_y ............•... - . . .. . . . . . . . . . . . . .. . . . . . . . . . 77, 500 90, 216 92, 591 94, 811 
England._..................................... ... . .. 59,606 49,364 51, 1S3 39,817 
France ..........•.•••••••••••••••..••.. - . . • . . . . • • . . . 21, 339 a 8, 500 8, 076 a 8, 000 
Italy . • . . . . . . . . . . . . . . • • . • . • . . . • . • . . . • • • • • . . . . • . . • . . . . a 9, 000 a 9, 000 a 9, 000 a 9, 000 
r ece .............•••. •...• . _. . • . . • • . . • . • • . • . . . . . . . a 8, 000 11, 892 6, 645 a 8, 200 
Belgium.. ... ........................................ 7,275 7,651 8,805 8,391 
Au tria. ...•• ..... .. ........ ...•. ........ ... •.. . ... .. 4,291 8,783 11, 113 11,134 
Ilan~ary . . • . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a 2, 000 a 1, 850 1, 843 a 1, 800 
~!\laxi :::::::::::::::::::::::::::::: ::::::: ::: :::::: ~iro a~~gg al,~~~ a~~gg 
United Stat.ea...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58, 118 106, 208 120, 544 139, 836 
~~~ · ::: : : ::: : : : : :: : : : :: ::::::: ~::::::::: :: : : :: :: : a~,ggg a ~tig a~ggg alti~~ 
Australia .•........•...••...•••......••..•••.••...... a500 a600 al,000 al,WO 
u th America. . • . • • . . • • . . . . • • • . • . • . . . . . • • . • . • . . . . • . . . . . . . . . . . • . . . .... _ . . . . . . a 1, 500 a 2. 000 
Total .....•.........................•••........ 351,884 402,423 430,612 454,628 
ciEetimated. 
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Great Britain.-The tendency toward a decline in the output of the 
British mines bas been more marked during 1883 than ever before. 
The figures for 1884 are not yet available, but the frequent reports of 
the 'Closing down of mines, and the voluntary liquidation o( mining 
companies, make it probable that the showing for 1884 will be even 
poorer. The following figures are gathered from the official statistics: 
Lead stati::Jtics of Great Britain. 
Produc· 
Lead im- British Availnble . Lead from ported and and foreign for home Years. tion of lead British Silver. obtained 
ore. ores. from for. lead ex·- consump· 
eign ores. . ported. tion. 
Lon,g tons. Long tons. Ounce,. Long tons. Long tons. Long tons. 
1874 .......... ............... 76,801 58,777 509,277 74,351 41,321 91,807 
1875 .............••.......... 77,746 57,435 487,358 89,705 38, {124 108,516 
1876 ..••........ . ••.••••••... 79,096 58,667 483, 422 91,010 42,685 106,992 
1877 .......•.•...••......•... 80,850 61,408 497,375 105,472 47,885 118,990 
1878 .......... ·•···· .... ... . . 77,350 58,023 397,471 112,977 36,478 134,519 
1879 .• ........•. . .•.....•.•. . 66,878 41,635 333,674 117,014 40,530 128,119 
1880 .•••....•• •..........•... 72,245 56,949 295,518 107,211 38,344 125,816 
1881 ..........••••........•.. 64;702 48,587 308,398 106,593 48,453 106,727 
1882 ....•.. ···•···•···· ... ... 65,001 50,328 372,446 100,331 40,018 110,641 
18lIB .••....••.....••••..•.... 50,980 39,190 344,053 118,521 42,848 114,863 
The principal sources of the lead and lead ore imported into Eng1and 
are the following, the total for th(.3 year 1883 being 20,249 tons of lead 
ore, 101,715 tons of pig lead and sheet lead, and 15,780 cwts. of lead 
manufactures : 
Imports of lead and lead ore into· Great Britain in 1883. 
Countries. Ore. Pig lead. 
Long tons. 




1,251 Belgium...................................................................... 61 
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 763 
Y2t:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ...... ;~ ;~~. 
377 
80,855 




Peru . ............ . ........ ..................................... ·............... 1,416 
English Jea<l is shipped to all quarters of the ·globe, the following 
being the principal customers: 
Exports of lead from Great Britain. 
Countries. 
Russia .......................................................... . 
France . ........... .... ................................. . ..... .. . 
British East Indies . . . . . . . . . . . . ..... ... .................. . ..... . 
China ...... ..... .•.•.•.................................. .. 
!~~r;-.i~n~_: ::~ :: : : : : : .:. :::::::::::: ::: :: : :::::::: :: : :: : :: ::·:::: 
Canada. ..... ........ . .. ..................•..... . ....... ....... 
Un1tt-d States ....•.............................................. 
Brazil. ....................................•.......•.............. 
Total ............................•... .... ................... 
1883. 
Rolled pipe 1884. 


















345 5 6,632 
4,015 5,210 
571 ......•.... . 
32 649 
638 ........ . .. . 
10,492 22,432 
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The China market is therefore the most important of all to English 
exporters; next in magnitude being India and Russia. 
Spain.-In spite of the constant decline of lead in the English mar-
ket during 1883, the exports of that year eclipsed those of the preced-
ing year. The returns for the first eight months of 1884 indicate, bow-
ernr, that the production bas fallen off, the exports having been 75,596 
metric tons for that period as compared with 83,325 tons during the cor-
responding time in 1883. Since 1878 the exports have been as follows: 
Exports of lead from Spain.• 
Years. 













According to official figures for 1883, the exports were 51,898 tons of 
argentiferous base bullion, of w bich 31,420 tons went to England, and 
20,477 tons to France, and 76,895 tons of desilverized lead, of which 
50,702 tons were exported to England and 25,139 tons to France. The 
Spanish desilverizing industry has therefore succeeded in cutting down 
the exports of base bullion to less than one.third of the total make. 
Germany.-Tbe production ~f Germany, the second in importance in 
Europe, has been as follows for a series of years: 
Production of lead in Germany. 
Years. 
1852 to 1855 ...•......•..••........ 
1856 to 1859 ......•.....•••.•...... 
1860 ....•. ·····•·•·••· ........... . 
ll!6L and 1862 .................... . 
1 63 and 1!!64 ....•••.••••••.•••... 
1865 and 11166 .........•••..•••.•.. 
1 7 ·· ··· ·· · -· ············· 
J!l6 to 1872 ............•......•... 
1873 ........•.•... ....... ... ..... 
l 74 ..................•.......•.. . 
Quantity. Years. 
Metric tona. 
15, 000 to 20, 000 1875 .•••..••••••.••.••••..•..••.. 
20, 000 to 25, 000 1876 ......••.••...•..••......••.. 
28, 000 1877 .•••••••••••.•••••••.•••.••.. 
80, ooo to 85, 000 1878 ..••..•••••••.•...•..••.•••.. 
85, 000 to 40, 000 1879 •••••••••••.•••..••..••.••••• 
40, 000 to 4 5, 000 1880 .......•••....•.•••..••..••.. 
49, 000 1881 ..••.•...•...••..••..••.•••.. 
50, 000 to 60, 000 1882 ......••..•..••..•....•..•... 













The exports from and imports of lead into Germany have been as fol-
low , for a series of year , in metric tons : 
Exports and imports of lead froni and to Germany. 




: 1~~ ••••••••••• ••••••••••••••••••• •• ••••••••••••••••••••••••••••• • Metric3~. Met11~~- Metric5t:!9 
l i ..... ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·.... .. . . . . . . . . . . 2, 999 44, 476 41,859 
l 80 ::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: : t~~~ :~:~ !~:~ 
t ~ : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : :: : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : ~: g~~ :t m ~: ~: a, 165 49,474 ~. sen 
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The production of the di.ffer.ent districts in Germany is shown by the 
following table, the make of· silver being added, since it largely iu-
fluences the profits of the different works. In the case of Freiberg all(] 
the Hartz it probably includes some silver extracted from rich imported 
Mexican and South American ores : 
Production of lead and silver in Ge,rmany: 
Lead. Silver. 
Districts. 
1881. 1882. 1883. 1881. 1882. 1883. 
------
Met1·ic tons. Metric·tons. Metric tons. K«os. Kiloa-. Kilos. 
Prussia: 
Stolberg Company ..... .. ..... 13,996 14,919 13,753 20,227 26,130 23,989 
Rhenish-Nassau Company . ... . 7,200 6,239 6,457 6,212 7,608 5,953 
Mechernich Company . .. . . .. : 22,409 25, 055 25,582 4,438 5,108 4,369 
Commern Company ...... . .. .. 2,362 2,727 1,640 1,181 988 525 
A. Poensgen & Sons . . . . ..... . 3,189 3,100 3,540 1,382 1,175 1,757 
Rothenbach Works .. . .... .• .. 55 40 44 969 901 886 
Walther Cronek Works ...... 5,489 6,858 5,154 4,056 3,679 3,397 
Friedrichs Works ............ 8,450 8, 68~ 9,561 5-,532 5,245 5,755 
Hanover: 
Upper Hartz ... . . ....... . ... . 9,428 10,447 9,749 26,385 32,592 37,259 
Lower Hartz . .• .•• . . •........ 424 579 599 3,854 3,575 5,252 
Nassau: 
Ems ............ . ... . ......... 5,772 5,803 5,227 6,887 7,403 7,418 
Braubach ...•.•....•......... . 2,721 3,176 3,187 5,515 6,085 9,915 
Saxony: 
Freiberg .•.•........ . ..• •.... 4,494 5,064 5,274 39,133 50,985 68,946 
--- - -91, 690 I Total ................. . ..... 85,989 89,767 125,771 151,474 165{ 421 
These figures do not include the litharge, added in the general table 
given on the preceding· page. 
The principal countries to which Germany ships lead may be traced 
by the following table: 
Exports of lead from Germany. 
Countries. 1880. 1881. 1882. 1883. 
Metric tons. Metric tons. Metric tens. Metric tons. 
Ham ~urg and Bremen .••. .• •.. ~.................. . .. . 8, 491 6, 521 6, 583 6, 067 
RuS8lf!' . ..... - .. - • . . . . . . . • .. • • . . • • .. . • • . . • • . . . . • • . 3, 344 4, 420 6, 142 9, 4 I 9 
Austria-Hungary.... . .. . ............................ 2,955 2,094 376 J, 104 
Franr,e . . . . . ... . .... .. . . .•. . •• . .•••.••... •.. . .. . ... .• 9,055 14,025 14,530 14,677 
B elgmm . . . . . . . . . . . . . . • . . . . . . • . . • . . . . . . . • . • . . . . . . . . . . 7, 191 7, 530 5, 279 4, 056 
Holland. ....................... . ..................... 5,766 6,694 3,654 5, 103 
Great Britain . • • . . . . . . . . . . . . . . • • . . • . • . . . . • • • • . • • . . . . . 6, 678 3, 613 3, 515 7, 935 
Total ..... . ...... . ...... . ........... ......... . 43,480 43,897 40,088 48,361 
This table, in consequence of the fact that German exports are largely 
made through ports not in the empire, does not fully exhibit the move-
ment. Thus the exports from Hamburg, which include all but a few 
hundred tons annually of the totals given above, show, when examined, 
the following, which is of special interest a.s making it able to trace how 
much Germany contributes to the China market. 
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Movement of lead through. Hamburg. 
England. Russia. China. England. 
Exp- from Hamburg to- I Im,orlo 
into Ham. 
Years. E burg from 
----------------1----
M,tric tons. Metric ton8. Metric tons. Metric tom. 
1880 . • . • • • • • • . . . • . . • • • • • . • . . . • • • . • • • . • • • . . . . . • • • • • . . . . 6, 264 1, 028 3, 940 497 
mt:::::::::::~:::::::::::::::::::::::::::::::::::: uii i!g iJii m 
The imports of English lead into Hamburg are probably merely in 
transit to China. 
The shipments of lead to Belgium and Holland are largely in transit 
to France and England. Combining the export figures of Hamburg and 
of Germany, we reach the following figures as the totals of the exports 
of Germany, and their destination: · 
Total exports of lead from Germany, and destination. 
Countries. 1882. 1883. Countries. 1882. 1883. 
Metric ton8. Metric ton8. Metric tons. Metric ton,. 
Rua11ia . . . . . . . . . . . . . . . . . . 6, 353 9, 602 
Amtria-Hungary . . .. . . .. 376 1,104 
France. . . . . . . . . . . . . . . . . . . 14, 530 14, 677 
Belgium.................. 5, 284 4, 076 
Ho1land...... . . . . . . . . . . . 3, 733 5, 147 
Great Britain . . . . . . . . . . . 6, 131 10, 764 
China . . . . • . . . . . • . . . . . . . . 4, 942 d, 223 
United States........... 356 151 
The most intere8ting figure is that relating to China. Adding the 
e:xports of England to the same quarter, we reach the conclusion that 
from these two sources that country received in 1883 about 16,500 tons 
of lead. 
Belgium.-The importance of Belgium as a producer of lead has de· 
clined very rapidly during the past decade. The following figures of 
the production of galena from Belgian mines, and of the output of Bel-
gian melting works, are taken from M. Ern. Harze's official statistics 
for the year 1883: 
Production of galena and lead in Belgium. 
Years. 
Metric ton,. Metric ton,. Metric ton,. Metric tom. I 
Galena. I--L-eR._d_. - u---Y- ea_rs_. ___ ~_GaI_ en_a_. -1--Le:_n_d_. _ 
1 70 . . • . . . . . . . . . . . . . . . . . . . 13, 380 10, 034 1877 . . . . . . . . . . . . . . . . . . . . . 11, 542 7, 733 
11171 ... . . ....... ........ · 1 ll, 549 9, 287 1878 . . . . . . . . . . . . . . . . . . . . . 18,477 8, 141 
1 72 ... - . . . . . . . . . . • . . . . . . . 11, 887 6, 535 1870 . . . . . . . . . . . . . . . . . . . . . 9, 384 7, 961 
l 73 . . . . . . . • . . . . . . . . . . . . . . 11, 280 6, 387 1880 . . . . . . . . . . . . . . . . . . . . . 5, 434 8, 204 
}s~!: :::::: :::::: :::::::::1 ½~: 5~~ I ~:~~g rn:L::::: ::::::.: :::::::1 ~: m i: :i~ 
l 70 .....•• •••... .. - .. - . . . 12, 422 7, 275 1883 . . . . . . . . • • . . . . • . . . . . . 508 8, 391 
The e fi"ure clearly how how Belgian works are becoming more 
::md m r d p nd nt upon foreign ore . For 1882 this is exhibited by 
t)w f 11 wing d tail : 
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Statistics of Belgian lead works. 
Items. 
Number ofworks ................••••...........••...•....•..••..••...•............... 
Number ofworkmen .... . ..•••••••••••••••••......••••••...••.••••••.•••.•••••.......• 






















In 1882 the production, imports, exports, and apparent home con-
sumption in Belgium were as follows : 
L_ead imports, exports, and consumption of Belgium. 
Items. Metrio tons. 
~~~!-1: ~} 1::::::::::::::::::::::::::::::::::::: t;~; 
Production of lead .•......•.• ." .... · · · · - - - · · · · · · · · · 18, 805 
Apparent home consumption oflead......... ... .. 6,081 
.France.-The latest official statistics for France available are those 
of 1882, showing a production of 8,076 metric tons from ores, nearly 
three.quarters of which were imported from Greece, Spain, and Sardinia. 
The only lead mine of any importance in France is that of the Pont. 
gibaud Company, an English corporation. France, however, does quite 
a large desilverizing business, having treated nearly 21,000 tons of 
base bullion, chiefly Spanish. The imports of lead into France were, in 
1882, 65,369 tons, and the exports 5,301 ton~, thus showing an apparent 
home consumption of 68,144 tons of lead. 
Austria-Hungary.-According to official statistics kindly forwarded 
by C. von Ernst the production of lead in Austria and Hungary was as 
follows, taking litharge at 80 per cent.: 
Production of lead in Austria and Hunga1-y. 
Yea.rs. Austria. Hungary. 
The imports of Austria in 1883 were 1,2~7 tons of lead and manufact-
ures of lead, and its exports 482 tons, thus showing that the home in-
dustry fulls. covers the wants of the country, which are per capita very 
low. 
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Other countries.-Among the other countries which produce lead 
Greece must be specially mentioned. The Laurium Company, an asso-
ciation of French capitalists, has for years worked cinder heaps left by 
the ancients, and has reopened the mines wrought by them, with. con-
. siderable success. For 1883 the Greek Government estimated the profits 
of the concern for purposes of assessment at 1,088,244: francs. 
Italy and Sardinia turn out some lead, and in America Mexico ex-
ports a moderate quantity, chiefly to Great Britain. Asia, Africa, and 
Australasia contribute practically no lead to the commerce of the world. 
LEAD SLAGS. 
BY MALVERN W. !LES. 
Smelting is a chemical operation, and a study of the nature of slags 
forms the science of smelting. It will therefore be seen that the field 
is an exceedingly broad one, and that even in the treatment of a parti-
cular kind or class of slags, as produced by shaft furnaces for the treat-
ment of argentiferous lead ores, it will not be possible within the limits 
of this paper to give all of the important data, but simply to briefly 
state such salient points as have come within the notice and experience 
of the writer. The subjects discussed will be classified as follows: 
I. Physical properties.-(l) Density; (2) crystalline form; (3) color.; 
(4) luster; (5) fluidity; (6) fusibility; (7) magnetism; (8) friabilty; 
(9) influence of slow and rapid cooling. 
II. Chemical properties.-(!) General composition; (2) modes of decom-
position; (3) quantitative analysis; (4) analytical data; (5) types. 
PHYSIOAL PROPERTIES. 
Density.-The specific gravity of slags formed in argentiferous lead 
smelting has been found to be very variable. The minimum noted was 
3.3 and the maximum 4.16; the best slags, however, may be stated to 
have a den ity of 3.4 to 3.65. Iron, barium, and lead cause high specific 
gravities, while ilica, lime, and alumina have a, tendency to diminish 
the weight. The average density of one hundred samples taken daily 
in 1880, at Leadville, during very fair work was found to be 3.691. A 
serie of experiments was conducted on this subject for over a year 
without arriving at any very positive or satisfactory results. It is now 
believed that difference ind n ity alone cannot be used as an infallible 
guide, but hould only be regarded as an auxiliary for a thorough study 
of lag . 
Orystalline form.-Most lags show some tendency towards crystalli-
z, tion. A~ w Lave .h n noted in which the crystallization was very 
imp rfi ct, ye h ilv r and l a<l los,·e~ were small; the e, howev r, 
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were exceptions and not the rule. In general, the more crystalline a 













FIG. 5.-CHYSTALLINE FORMS OF LEAD SLAGS. 
Tb center or '' heart" of a coo1eu pot or cone of slag is always found 
to be 1 lto rnoi:;t cry 'talline; this tendency diminishes outwardly in all 
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directioui:; until next to the su:·face is a thin crust or scale devoid 
of a crystalline structure and pre~enting a thin vitreous or glassy scale. 
This scale is the result of rapid cooling of the slag as it comes in con-
tact with the irou pot. If the grade of bullion produced is not quite 
high (say over 300 ounces of silver per ton) and the _lead charge is not 
very low, it is rare to find a very crystalline slag containing more than 
J per cent. oflead or more than 2 ounces of silver per ton; generally 
these markedly crystalline slags show a much smaller loss than this. 
A very careful study of the crystalline form. of lead slags will unques-
tionably enaule a skilled metallurgist to identify the type of slag pro-
duced, to tell within reasonably close limits the general compositio~, 
.and to form a comprehensive idea as to the losses in both lead and 
silver. 
The most important crysta-lliue forms of slags are either large thick 
plates or leaves ; thin plates, often semitransluce.nt and frequently 
marked with strire; monocliuic prisms, which may be either inclined or 
rectangular; several modifications of the cube; delicate needles, which 
may or may not radfa.te from a central nucleus ; hexagonal plates ; and 
lastly, what may be termed for convenience botryoidal and pectolitic 
crystallization. These various forms are shown in the diagrams on 
page 441. There seems to be a distinct connection or relation between 
the crystalline form and the clrnmical composition of these slags, as it 
will be endeavored to how when the subject of" types" is considered. 
Oolor.-Lead slag are almost always black, or of some dark shade. 
The darke ' t lags are those containing the most iron; yet iron will 
sometime give either a 1·eudisb tint due to the presence of a small 
amount of Fe2O3, or bave a light greenish cast. Lime tends to lighten 
the color, giving the lag a stony or earthy appearance. Manganese in 
large quantities gives a r ddish to ametb;p,tiue hue~ and when the man-
gane e i associated with 20 per cent. Cao, and over, the slag very often 
ha a re inou color, clo ely resembling blende. Zinc in the presence 
of alumina, ome mangane e, and much i-;ilica (from 36 to 37 per cent.) 
give a color very clo ely re embling porcelain or obsidian; this is es-
p cially true of the outer rim of the pot (see ana1y is NQ. 82, page 456). 
Lu-3trou black lag are alway due to the pre ence of much iron. Some 
exceedingly iliceous 'lag (38 to 42 per cent. silica) have a greenish 
cat. 
Luster. - l\Io t of the lag formed in lead melting are vitreous, al-
th ugh th high lime and al o the v ry high iron slag are not as a rule 
vitr OU • The lu t r i rarely pearly, often re inou ; submetallic, 
pl nd nt, al o pit •by-in h rt, they po e ,, lu ters analogou to tho e 
of th uni ilicate and bi ilicate a formed in nature. 
Fluidity.-Thi ·k, vi id lag , almo ·t invariably occa ion lo in both 
il r and ] lad ; g u rall.Y the mor fluid a . lag is th more p rfect will 
th eparati n of I ad and con ,eqn ntly that of the ilver. hen 
th fluidity i u ir l ' d pendent 11pon ir u th re i a liability t iron 
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crusts, and these will then produce great los~es. Scientific smelting 
should aim at obtaining a fluid slag,. a slag built up to approach some 
one of the recognized types. · Silica is the chief cause of viscidity in 
slags, although even a properly calculated slag will sometimes run 
viscid owing to a lack of fuel, or soon after starting up or " blowing in" 
a furnace. During heavy snows or rains, or in exceedingly cold weather, 
the slag may run viscid because of an insufficiency of fuel. · 
Manganese increases the fluidity of slags to a marked degree, often 
rendering even siliceous slags fluid. Lime may or may not make a fluid 
slag; most high lime slags flow with a smooth oily flow, fluid when hot 
and either stringy or brittle according to the other ingredients present. 
Some slags are so fluid and smelt so fast, especially when the ore charge 
is coarse, that they do not allow a perfect separation of lead and sil\?'er; 
under these circumstances the furnace is said to '' drive too fast." 
Fusibility.-Generally the more fusible slags are the more economical 
they are; they require less fuel, drive faster, often prevent "over fire," 
cause a more perfect separation of the valuable metals, and should be 
the aim of the lead smelter. Easily fusible slags do not always give 
rise to very bright tuyeres, although they usually show a light, and the 
scale or crust immediately in front of the tuyere is quite thin. 
Silica lessens the fusibility; manganese and iron always · increase it ; 
while magnesia and zinc rarely, if ever, cause a more fusible slag. 
Alumina may or may not increase the fusibility of lead slags. If the per-
centage of silica is low alumina plays the role of an acid and hence in-
creases the fusibility; if, however, the percentage of silica be high, then 
alumina acts as a base and hence lowers the fusing point of slags. This 
1:,tatement has been arrived at after many long and extensive experi-
ments, involving the smelting of many thousand tons of ore. The closer 
certain recognized slag types are approached, the greater will be not 
only the :fluidity but also the fusibility. It is, however, not always an 
economical mode of procedure to adhere too rigidly to any general form 
of slag. 
The subject of the fusibility of slags cannot but be regarded as one 
of the chief points to which the lead smelter should direct attention in 
the treatment of silver-bearing lead ores by means of the shaft furnace. 
Professor Gordon, in his translation of Gruner's " Studies of Blast Fur-
nace Phenomena," makes the following valuable remarks: "There is, 
however, a considerable difference in the temperature required for the 
complete formation of different slags. According to Plattner's experi-
ments, although the temperature of fusion of the slag itself, when 
formed, varies much less for different proportions of acid and bases, 
forming singulo-silicates, bisilicaties, and trisilicates, the temperature at 
which slags are formed varies considerably. In general, singulo-sili-
cates require a higher temperature for formation than bisilicat,es; and 
of singulo-silicates those of alumina form at 2,4000 C., magnesia form 
at, 2,200 to 2,250° O., baryta form at 2,100 to 2,2000 C., lime form at 
21 l 0 to 2,15()° C., iron and manganese form at 1, 789 to 1,832° C. 
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"The silicates of oxides of manganese and iron (protoxide) differ very 
little from each other. The bi- and trisilicates of tbc different earths 
are formed at a, lower temperature. Of the bisilicates those of baryta 
and lime form at 2,1 ooo O., baryta and alumina form at 2,050° O., lime 
and magnesia form at 2,0000 O., lime and alumina form at 1,918 to 
1,950° 0. 
'' The temperature required for the formation of compound silicates 
from the earths composing them is very much higher than that at which 
slags which have been already fused can be melted. As the slags com-
ing from smelting processes are seldom formed by fusing together these 
independent components, but more frequently from a mixture of silicates 
already formed, partly from the ores, etc., and generally of manifold 
combinations of the oxides of the earths, the temperature required for 
the formation of the new slag or compound silicates will lie between 
their point of fusion and the temperature which would be necessary to 
form this new slag from the simple substances. 
'' Refractory slags, which are always indications of faulty working of 
the fmnace, arise either from insufficient temperature or from inju-
dicious combination of the charges-as when too much silica and too lit-
tle of the bases, or the contrary, are present, or if among the bases 
there be au excess of alumina and magnesia. Such slags are recogniz~d 
by their.pasty nature, their earthy, half-fused appearance, and by the 
airholes pervading them. On the other hand, the charge is a good com-
bmatiou when the slag flows out at a good consistency, as free from 
metal a possible, aud when, for a given consumption of fuel, the max-
imum of ores can be used." 
Dr. Percy, while objecting to the principle of Plattner's method, be-
cau e it as umes that alloys of gold, silver, and platinum fuse at the 
mean temperature of the component parts, says we may accept his re-
sults as affording practical information of va,lue. " The melting points 
of metal and their alloys are fixed and unvarying, except under extra-
ordinary condition of pre sure, and as they extend through a very 
wi l rang of temperatur they may be conveniently employed in the 
d t ~rmination and compari on of high temperatures." Plattner himself 
·on ider d that he bad only det rmined temperatures" correctly pro-
portiolled to each other, and not ab olute thermometric limit ." 
In tbi connection it will be well to quote a few lines from Overman, 
which, "\\ bile they are in the main correct, contain one or two state-
m nt bich are ubj ct to limitation and corrections when viewed 
fr m a 1 ad ·m lter', ·tandpoint. "If," ay Overman, "a compound 
of lim . and il x melt · at 3,000° 0., that of protoxide of iron and ilex 
at 2,000°, and that of a ilicat of oxide of lead at 1,0000, the mean heat 
of the tbr , by whieh they melt when mixed together, i not 
3000° + 20~00 + 10000 = 2 ooo 
3 
ut it Dlc y he only J ,£>00°, and in tbi 
, er than th, t ." The above tatement i unqu tionably 
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correct; then follows this rem~rk: "The greater the number of ele-
ments in a slag the more fusible it becomes; it 1s, therefore, of the ut-
most importance in all smelting operations to multiply the kinds of ores; 
this produces fusible slags and fusible metals." In general, multiple 
bases do produce a mo!e fusible slag than where only a few bases are 
present ; but there are certain notable exceptions to this rule or law 
in the cases of zinc, alumina, and magnesia. No intelligent lead smelter 
would for a moment think of adding zinc simply that there might be a 
larger number of bases to enter the slag; nor would it be policy to add 
either alumina or magnesia. For some reason, not as yet very clearly 
understood, magnesia has been found to increase the silver losses to a 
remarkable extent. The latter 'Portion of the above-quoted passage in 
regard to muJtjplying the different kinds or ores is the proper mode of 
procedure from other consiµerations aside from the simple fact of fusi-
bility. Overman also says: "Slags should be as fusible as the metal 
which is to be smelted with their assistance. If they are more refrac-
tory than the metal, the slag causes it to assume a heat by which more 
or less of it is evaporated.'' Since lead melts at or about 325° 0., the 
probabilities are that very few lead slags have this low-fusing point. 
While there are a number of substances which will make fluid slags, 
yet, owing to the cost and the difficulty of procuring · them in large 
quantities, we mu'3t therefore of necessity use either iron, lime, or man-
ganese. The proper and economical use of these bases in localities 
where the ores to be ~melted are highly siliceous (and this is generally 
the case) becomes a matter of either profit or loss in carryi}?g on this 
industry. The problem, in other words, may be stated thus: How shall 
we cause the largest aimount of silica to be fluxed off into the slag and 
at the same time use as little costly bases as possible, producing a fusi-
ble and clean slagi . 
Magnetism.-In December, 1879, it was discovered that the slags pro-
duced at the old works of the Grant· Smelting Company were all mag-
netic; thinking that perhaps this might be peculiar to this kind of 
slag, one hundred and eight samples were collected, including specimens 
from all the furnaces of the different works at that place, and in every 
case tlle same property was observed. The entire mass of some slags 
was found to be attractable by the use of an ordinary horseshoe magnet. 
An attempt was made to discover some relation between the intensity 
of the magnetism and the lead and silver losses; but so far without 
obtaining altogether satisfactory results. 
Experiments were instituted clearly demonstrating that this magnetic 
property was not due to fine particles of metallic iron mixed with slag. 
It was also noted that it was exceedingly rare to .find an ore from this 
locality which is not in part attracted by the magnet, and by panning 
or concentrating these ores the black magnetic oxide of iron (Fe30 4), 
::su common in placer mines, will be found. It may therefore be said, 
as a partial explanation, that this magnetic sand passes into the slag 
44~ MINtlUt RESOURCES. 
giving it this property. It is possible that the reducing _power of these 
furnaces was imperfect, for example, due to a lack of fuel; but the 
smelters at this time were inclined to use more fuel than bas since been 
found necessary for good work. An oxidation at the tuyeres may abo 
give rise to this phenomenon, as, for example, by using too strong a 
blast. I have found that even siliceous slags are more or less magnetic; 
all lead slags containing from 25 to 55 per cent. of ferrous oxide and 
even high lime slags also are magnetic; hence the chenncal composition 
seems to have little or no effect upon the magnetic property of slags. 
Of course, if magnetic oxide of iron enters the slag as such, it implies 
necessarily a waste of precious flux; yet I am of the opinion that the 
magnetic property is due to (l) an unavoidable admixture of some ferric 
, silicate; (2) to the ferrous silicate itself; and (3) in mauy cases to the 
prei::ence of iron matte; this is espe~ially true where very impure ores 
are treated and the production of matte is large. 1.rhe mineral fayalite 
is a silicate. of protoxide of iron, yet it is attractable by the magnet. I 
fi11d that iron matte (Fe2S) is always more or less magnetic, therefore a 
part of the magnetic propert.y is often due to this cause. The slags 
produced at all the prominent smelting works in this country show 
more or less a magnetic property, and samples of s1ag from many of the 
abandoned dumps have this same characteristic; therefore I am led 
to the conclusion that this is a general property of lead slags. 
If it can be shown that the magnetism of lead. slags is due to sesqui-
oxide of iroa, more than nine-tenths of all the analyses of lead slags are 
incorrect, a it is exceedingly rare to find a slag analysis in which ses-
guioxide of iron is reported. 
Friability.-The frial>ility or brittleness of slags is dependent upon the 
number, kind, and amount of the bases present. Generally the more 
siliceou a slag i the tougher it is, and the greater the amount of base 
the more brittle it is, though the latter statement is subject to certain 
limitations. Slags not containing over 33 to 34 per cent. of silica are 
usually brittle; whenever tlrn silica runs up to, say, 35 to 40 per cent. 
we have quite tough slags unles the slag has very little iron and a 
large amount of lime ( ' ay from 22 to 30 per ceQ.t.) .A slag containing 
30 per c nt. SiO2, 50 per cent. FeO, and 3 to 8 per cent. Cao, is not very 
brittle, yet the amount of base is large in comparison with the amount 
of acid pre eut. Slags of the type 30% SiO2+40%FeO+20%CaO are 
always brittle; o al o ar~ the slags containing 34%SiO2+34%FeO+ 
24%CaO. 
A an example of tough lags analyses Nos. 18, 32, 36, 40, and 07 
(pag :. 454 to 456) may be cited. The following analyses are examples 
of brittle lag o . 7, 13, 14, 45, 46, 55, 56, 57, 64, 65, 66, and 67. The 
mo rittl l g I have ever en are those numbered 64, 65, 66, and 
67 in th t l f analy henever the amount of matte produced i 
quit lar e it i oft n to £ rm a lag which i slightly tough, other-
th r , ill b lifliculty in obtaining a. c1ose saving of the matte 
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If the ores coutain much zinc this causes the matte cake to adhere 
closely to the bottom of the slag cone; in this ease it is best not to have . 
the slags too britt.le. Generally the brittle slags are f¾eer from both 
silver and lead. The brittleness is the result of a highly crystalline 
structure. 
Influence of slow and rapid cooling.-The more slowJy a newly-drawn 
pot of slag is cooled, the more perfect will be the crystallization. Such 
slowly-cooled slags have a certain fixed fusing point, and are generaIJy 
only imperfectly soluble in any of the strong mineral acids. This slag 
upon breaking open a pot ordinarily sh.ows a well defined crystallization 
when the t;ype is closely approached, and on the outer edge there wiU 
be a thin crust or scale of glassy material. If slags are cooled rapidly 
the crystallization will be imperfect, and if very rapidly the structure 
is entirely changed and often crystallization is entirely absent. If 
melted slag is either poured or plunged into water, the crystallization 
is entirely prevented, and the mass (if not in too large quantities) will 
·show a glassy appearance not unlike that of obsidian. Slags thus rapidly 
cooled have suffered a very remarkable and hitb~rto unrecorded change; 
they will be found to- have a much lower fusing point, and by powder-
ing them they will be found to be entirely soluble in any of the strong 
acids, especially in hydrochloric acid . . By taking advantage of the 
la~t named fact, it will be readily seen that fusions for the analysis 
of slags are entirely unnecessary in connection with this industry. 
It is generally customary at lead smelting works to turn a stream Qf 
water on the slag trough or'' slag runway" soon after tapping a pot of 
slag, t,hus chilling and rendering brittle that portion which has adhered 
to the trough, and thi.3 is most always thrown away, injudiciously so it 
is thought, since this portion will not only contain many matte globules, 
hut also very often pellicles of lead which may. have lodged upon the 
trough either from a ''blow-pot," or from a leaky breast. This rapidly 
cooled slag is not only generolly richer, therefore, than the main holly 
of the slag, but, if for no other reason, it should be saved for these 
uses : It melts at a very low temperature and hence is valuable for 
'' blowing-in" a furnace; to be fed after" barring the hangings;" and 
it also serves a most admirable purpose in keeping down or preventing 
the so-called " over fire" or '' fire tops." 
OHEMICAL PROPERTIES. 
General composition.-Lead slags are chiefly silicates of iron and 
lime; aside from these bases, manganese not infrequently plays an im-
portant part, as seen by analyses Nos. 9, 36, 37, 49, and 50. Zinc, 
alumina, baryta, and magnesia also sometimes enter slags as important 
constitutents, but these bases when present to any considerable extent 
will occasion trouble and are to be avoided if possible. 
In argentiferous lead smelting the slag will always contain some lead 
and silver; in many cases these elements only exist in minute trace& 
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From th6 fuel tlie slags derive some potassium and sodium and also 
_phosphorus, but the amount is however quite small. Sulphur will al-
ways be found; tlte ainount usually varies from 0.5 to 2 per cent. 
When copper ores enter the smelting mixture, some of this metal will 
.1lso enter the slag, particularly in re-working the cupiferous matte; 
.Dr. Wedding reported O 27 per cent. Cu.2O in the Saint Andreasberg 
.slag- in one instance, and in another case 0.50 per cent. In an analysis 
of the Olausthal slag, made in 1870, Hampe reported NiO + CoO, Cu2S, 
and SbS3; the phospllorus was reported as PO5• Certain lead slags 
of Spain were once used as a source of vanadium. At Leadville, at one 
time, no less than three different mines were yielding vanadium in no-
ticeable quantities. I have known a large ore mixture or '' bed" to be 
smelted which contained no inconsiderable amount of these vanadium 
ores, and have detected vanadium in ores from the following different 
Leadville mines: Morning Star, Evening Star, Waterloo, Etna, and 
especially in ore from the Park mine. The Little Ellen mine, at Red 
Cliff, Colorado, was also found to contain a green vanadium mineral 
(supposed to be descloizite). Owing to the above-mentioned facts, I 
think that vanadium is no uncommon constituent of the Leadville 
slags. 
Aside from the above-mentioned elements, which are chemically com-
bined, I have noted certain abnormal slags containing as a mechanical 
mixture portions of quartz varying in size from a mere speck to large 
white, usually rounded, pebbles from 2 to 3-inches in diameter. These 
pebbles were worked out through the tapping hole with difficulty, and 
when broken showed a dull, white color 1-esembling that of unglazed 
porcelain. Then again I have noticed sesquioxide of iron, sometimes 
in pieces an inch large; also pieces of quicklime; this, however, bas 
only been observed when the furnace was being "blown out." In one 
in tance quite a large piece (a quarter of an inch in length) of sul-
phide of ziuc wa found which was highly crystallized; this occurred 
at the very bottom of a cone of slag after breaking off the matte calm. 
Before pa ing from thi8 subject, it may be well to mention that by 
closely ob erving the very top of a pot of slag there will very often be 
found in blistered cavities exceedingly delicate needles; sometimes 
thes cry tals will appear almo t white, then again of a yellowish tint 
(this i uppo ed to be due to oxide of zinc), and again others of a 
distinctly blui h tint. The e blui h cry tal have been found to con-
tain both ulplmr and lead, and are perhaps a subsulphide. The 
delicat cry tals I have mo t frequently een when the production or 
matt wa large, although one of my metallurgical friend informs me 
that h al o ha noticed these crystals when carcely any matte wa 
f rm d. 'h t-like globule of metallic lead have been ob erved in cer-
tain bi hly iliceou lag ·. Whenernr the I roduction of iron matte i 
unu u lly larg it i not an uncommon thing to find rounded globule 
Ll!Ab. 449 
of it in clie slag·; this is particularly the case on the very outer rim of 
the pot. 
Modes of decomposition.-The ordinary method of fusing slags with 
carbonate and nitrate of soda in a platinum crucible will sometimes 
give good results; but since the slag always contains more or Jess lead 
it will be readily seen that the analyst runs the risk of either injuring 
or completely spoiling the platinum crucible by the reduction of metal-
lic lead. A very good method of proceeding when the samples are not 
taken according to the method to be subsequently described, is to pow-
der the slag well in an agate mortar, then digest with strong hydro-
chloric acid, evaporate once to complete dryness upon the water bath; 
then add more hydrochloric acid, filter, and fuse (or, better, agglomer-
ate. or semi-fuse) the residue with sodium carbonate in a platinum cru-
cible, and proceed as usual according to the well known method for the 
determination of insoluble silicates. · 
The above mode of procedure is found somewhat long for the practi-
cal uses in connection with industrial works~ where time is a great de-
sideratum. To facilitate the fusion and also to prevent the liability of 
destroying costly platinum crucibles, I have for a long time used a 
method of fusing the slag in a silver crucible with caustic potash and 
then proc,~eding as usual in the analysis. The method last described 
Jias the advantage that the heat required for the fusion is quite small, in 
fact an ordinary alcohol lamp is found sufficient; and as many laborato-
ries connected with the lead smelting works have neither gas nor the im-
proved gasoline burners, the method is therefore very serviceable. The 
disadvantage is that the silver crucible is always slightly attacked by 
the caustic alkali, and when a complete analysis is to be performed the 
silver gives trouble in some of the determinations. This difficulty is, 
however, entirely overcome if a platinum crucible is heavily plated .. 
with gold, as has been suggested by W. Bettel in the Chemical News. 
A method which I will now describe has been used for several years 
in connection with these works and leaves little to be desired. If in 
t aking the laboratory sample we use an ordinary steel bar, throw aside 
the crust from a newly-drawn pot of slag, dip the reversed end of the 
bar about 2 inches into the molten slag, then quickly plunge into a 
bucket of water, and use this sample for analytical determinations, it 
will be found that all slags made in lead smelting will be entirely de-
composed by strong hydrochloric acid, giving rise to perfectly pure 
gelatinous silica. By using a small amount of acid, and with a little 
practice, on~ can determine the silica, iron, and lime contained in a slag 
in less than two hours. 
Quantitative analysis.-After taking the ~lag sample, as previously 
in~icatecl, weigh out from half a gram to one gram, transfer to a cov-
ered casserole, add from the wash bottle a few drops of water, stir well, 
and add concentrated hydrochloric acid; again stir, and digest over a 
free flame for a few minutes. · The addition of water and the stirring 
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prevent the slag from clotting or caking upon the bottom of the vesi;;cl. 
Now add a few drops of nitric acid, both to insure the oxidation of the 
iron and also to decompose the few particles of lead sulphide which are 
apt to form during the first addition of hydrochloric acid, and rise upon 
the sides of the vessel. Sometimes these black specks are due to carbon, 
which will, of course, be burned off in the ignition of the silica. Evapo-
rate to dryness upon the water bath ; this is not a long operation if the 
analyst uses a minimum quantity of acid (say, 6 to 8 c. c.). After the 
evaporation is completed add a few drops of water, just sufficient to 
moisten the mass, and evaporate a second time. Now add a slight ex-
cess of concentrated hydrochloric acid; warm, dilute, and filter, washing 
the silica with boiling water/ and drop a small amount of hydrochloric 
acid around the edges of the paper; wash again with water. The moist 
residue, with the paper, is transferred directly to either a porcelain or 
a platinum crucible, placed in an ordinary scorification cup, and dried 
before the assay muffle until the paper begins to carbonize. It is then 
placed in the muffle for about five minutes, removed and allowed to 
cool, and the silica is then weighe·d. The silica will be found perfectly 
white, not even tinted with iron, and the determination is as accurate 
as if a fusion had been performed. 
For the determination of the iron it is advisable to take a second por-
tion of half a gram, boil with hJ·drochloric acid to complete decomposi-
tion in a casserole, then dilute with water and add a small piece of un-
amalgamated zinc directly into the covered vessel. After a few minutes 
the cover is removed, washed, and the contents of the casserole are 
cautiously transferred by decantation to a large beaker, and diluted 
with water up to 500 c. c.; now add rather a large amount of concen-
trated sulphuric acid (say 25 c. c.) and titrate the iron with a, standard 
solution .of potas ium permanganate. 
It will be noted that it is entirely unnecessary to remove the silica in 
order to determine the iron, and furthermore time is saved by reducing 
the iron by unamalgamated zinc directly in the vessel in which the de-
composition of the lag is effected. For commercial work a solution of 
permanganate i made by dissolving 5.686 grams of the salt in one liter 
of water. 
For the estimation of lime two methods are used, according to the 
degree of accuracy to be attained. If, for quick work, we wish to as-
certain the percentage of lime we use the filtrate from the silica as fol-
lows: Heat this :filtrate, add ammonia to a slight alkaline reaction, then 
add a satnrat d olution of oxalic acid to di solve the iron; boil for a 
fi w minute , allow to stand twenty-five minutes, filter hot, wash well, 
and tran fer to a ca , erole; add ome hot water and sufficient hydro-
cbl ric acid to di olve the calcium oxalate, filter, and di~ute with cold 
water. ow ad ra her a large amount of ulphuric acid, heat to hoil-
ing an l titra with the ame ~ olution of permanganate as wa used in 
th iron d termin, tion. If a greater degree of accuracy is desired the 
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iron and alumina are removed as basic acetates, then the manganese 
is separated by bromine water, the zinc removed by sulphureted hy-
drogen, and the :filtrate treated according to the usual methods for 
estiirulting the lime. 
Some manganese will invariably pass into the :filtrate when the iron 
is precipitated by ammonia and will come down with the lime, thus in-
troducing an error to the exien t of its presence. When, however, the 
amount of manganese is small in comparison to the amount of iron we 
can often use the :first-mentioned method with a great saving of time. 
For the determination of the manganese, from one to two grams of the 
:finely divided slag is used, according to the amount present; this is 
treated in a casserole with concentrated hydrochloric acid, with the 
addition of a small amount of nitric acid· in ·order to convert all the iron 
into the ferric form. Now boil, and add sulphuric acid, gradually re-
placing all of the nitric acid, and also hydrochloric acid; the success of 
the operation depends upon the entire removal of the hydrochloric acid. 
Dilute to about 150 c. c. and ·boil; add an emulsion of zinc oxide in large 
excess, by which the iron is precipitated as ferric hydrate; .filter off the 
silica and oxides of zinc and iron, and dilute to 500 c. c. Some writers 
recommend, before the addition of zinc oxide, neutralizing with sodium 
carbonate, and then cle~ring the solution with a few drops of nitric 
acid; this in practice is found to be unnecessary. Draw off from the 
diluted liquid, after thorough mixing, an aliquot part (say 100 c. c.), 
transfer to a casserole, heat to boiling, and w.trate with frequent stir-
ring with the same permanganate as was used for the iron and lime until 
the first rose tint is observed. Calculate the percentage of iron corre-
sponding to the permanganate used, and multiply this percentage by 
0.2946 (=per cent. Mn). The ~anganese scheme as abo,·e stated is 
highly recommended, both for ils rapidity and accuracy; in fact there 
is no known method which I think will compare with it for technical 
and scientific work. · 
The sulphur is determined by the "Fahlberg-Iles" method as follows: 
Fuse one to two grams of finely divided slag in a silver crucible (or 
gold-lined platinum crucible) with twenty-nve grams pofiassic hydrate 
for twenty minutes; cool, dissolve in water, filter off the hydrated ox-
ides of iron, etc.; now add. 30 c. c. bromine water, and then concentrated 
hydrochloric acid to an acid reaction; boil off excess of bromine, :filter 
if necessary, add barium chloride, and proceed as usual for the treatment 
of barium sulphate. · 
If other constituents are to be determined the methods are followed 
as given by Fresenius, Rose, Sutton, Cairns, or Hart. 
Analytical da.ta.-In the table of slag analyses, the date indic'ates 
when the analysis was performed; in most cases the time of production 
and the date of analysis do not widely differ. The numbers simply 
serve to distinguish one kind of slag from another. 
The fire assays were in every case carefully determined. The specific 
gravity determinations were in almost every case found by use of the 
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Jolly spring balance. Some of the earlier determinations of silica are 
a trifle too high, but by far the largest number of tests were the result 
of careful fusion. Lately it bas been founu that accurate silica determ· 
inations could be obtained by taking the slag samples in a manner 
previously mentioned. The iron was determined by the use of a stand· 
a.rd solution of potassium permanganate, with, except perhaps, those 
given by Mr. R. C. Ballard. The lime tests were made partly by gravi· 
metric and partly by volumetric tests. Some of the manganese tests 
are by the well.known bromine method and weighed either as a phos-
phate or an oxide of manganese; all of the more recent determinations 
were made by using the excellent zinc oxide method, the details of 
which have been fully given under the heading of chemical analysis. 
The alumina, magnesia, and lead determinations were made by nse of 
the good old fashioned methods. The sulphur test was performed by 
fusion with caustic potash as above indicated. 
In the table of analyses there may be found every kind or type of 
slag produced in connection with the lead.silver smelting _industry I 
have been able to find up to the time of writing (July, 1884). In sev· 
eral cases certain types have been repeated to show how the lead and 
silver losses vary under different circumstances, as for example when 
producing high or low grade bullion. The extreme limits of lead slags 
may be stated as follows : 
Per cent. 
SiOi ....................•.•..•.......•.••••........•.••........•.••......................... ~. 26to41 
Fe + Mn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 to 35 
CaO . .............................................. : . . .. ...... .... .. . . . . .. . . .. .... .. ... . .. . . . . 5 to 35 
It is exceedingly rare that the extremes will work satisfactorily for 
long campaigns; yet often to accomplish certain results, as for example 
fre ing the crucible of the furnace from obstructions or crusts, one can 
very materially prolong the life or campaign of the furnace by the uRe 
of certain extreme lags. By very careful observation based upon 
analytical data the metallurgist can determine ~hether the trouble 
ari ing from the crucible be due to a siliceous accumulation, an iron 
cru ·t,- or a charcoal, coke, zinc, or lead crust; by acting upon any of 
the ecru t at the right time and for a sufficiently long time with cer· 
tain lag we can generally eliminate these tr:oubles. 
Mo t of the be t lags will have a composition ranging somewhere 
within the e limit : 
Per cent. 
j(h · ....... .... .................. .......... .................................................. 31 to 36 
F +Mn ............................... : ............ ...... ... ............... .................. 23to30 
CaO ....................................... .. ...... . .... . ...................................... 14 to 25 
nd to till further re trict the limit , we may say that the be t work 
i cl ne, the campaign are longe t, and in th hort the mo t economical 
:la produ d, wh 11 it compo 'ition lie within the e very narrow 
limit.· : 
Per cont. 
••· ··· ·••· ·••••• ···•·· ····•• ····•· ·•··•· ..•.•..............••..•...•...••...•.......•...••. 81 to 34 
}&+Mn .......................................................................... : ........... 24to'l:7 
CaO .............................................................. ............................ 1,to25 
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In some very exceptional cases, and on certain ores, it may be best 
to have a slag containing less than 31. per cent. or more than 34 per cent. 
silica ; and the same may be said in regard to the iron, manganesl', 
and lime bases. The prices paid for iron and iron fluxeR, taken in con-
nection with the impurities to be contended with, should in short (le-
termine the type of slag to be produced. To decide exactly what is the 
best slag for the treatment of ores where zinc, alumina, magnesia, 
baryta, and arsenic enter either singly, or all together, in large quanti-
ties, is necessarily a very intricate and difficult problem. For the 
reasons just cited no one slag can be said to be the best under all cir-
cumstances. .A careful investigation of the analytical data as given ill 
the table, will, I think, present some very interesting features, and at 




prll 27, 1880 . • • . • • • • • . 1 
.April 20, 1880 . . • . . • • • . . 2 
April 24, 1880 . • . . . . . • . . S 
)tiny 5, 1880 . . . . . . . . . . . . 4 
June 7, 1880...... • . . • . . 5 
July, 18SO . • . . . . . • . . . . . 6 
anuary 16, 1880 . .••... 7 
8 
9 
-Octobc-r 7, 1880 .... ... . 
January 17, 1881 ...... . 
. July 1~, 1881 
July 16, 1881 ........ .. . 
Joly 27, 1881 
July 30, 1881 
.July 20, 18!!1 ..•.• ..••. . 
Foornary 28, 1882 .••... 
_Ma:;- 7, 1882 .... .•••••• . 
March 29, 1882 •.••.• • .. 


















'1680........ . . . . •• • • • . 27 
August 30, 1882 . . • . . . . . 28 
'September 1, 1882 .••••• 20 
March 21, 1883 •••..•••. 80 
31 
4883 .....• ······ .•••••.• 82 
ldaroh 21, 1883 • • • . . • • • . 83 
:May 23, 1883 . . . . . . • • . . . 84 
Fire aeaay. 
11G ~ 




~ ... 4) 
0 ll. --
2. 00 3.00 
2. 00 5. 75 
3.00 4. 50 
2. 00 1. 50 
2.50 3. oo 
2. 50 3.15 










.Tio~· 1·. · ur Ii~~: 
.50 .90 9.45 
1. 75 3.50 
1. 75 2. 25 ···•·· 
1. 25 2.00 ....... 
1. 46 2.16 -·----
~o~- ··1:1s· 3. 50 
1. 75 2. 50 ·---· 
1. 79 1. 60 8.48 
1. 75 1.25 
6.00 6. 50 
7.00 8. 50 
12.00 1. 75 3. 75 
1. 50 3. 00 3. 65 
Trace. 1.00 -----
• 90 1.80 8. 60 
S.80 2.10 3.47 
. 75 1. 25 -----
5.10 8.10 8. 78 
.25 1. 30 8. 75 
Analyses of argentijerous lead slags. 
SiCn. I FeO. I F620a.l =Fe. I CaO. I MnO. I Ah<>a-1 MgO. I PbO. I ZnO.I PbS.I S. Total. 
28.10 43.92 
26.45 97.11 
28. 50 42. 21 
29.15 38. 79 
37. 60 41. 54 
31. 60 30.40 
90. 20 36.19 
29. 27 45.17 
31.32 39.16 
34.12 37. 65 
33. 50 49. 88 
89.10 39. 09 
93. 40 34. 71 
31. 70 35. 62 
91. 20 40.35 
36.40 38. 31 
35. 80 41. 65 
40. 20 33.43 
36.00 41.14 
37.96 37.14 
35. 40 38.18 
34.10 45.00 
34. 79 37.69 
33. 00 49.60 
29. 00 43. 00 
34. 60 44. 20 
25.80 43. 80 
33. 80 47.30 
31.80 33. 70 
33.50 87. 90 
33.25 31.90 
85. 95 24.40 
32.00 42. 70 













~Ml ~" 1·····1······1 ·•• 19RI3 8.23 6. 19 . • . • • . . • • • . . • 55 99. 28 3.06 6. 51 . • • • • • . . . . . . • 82 100. 91 
4. 25 5. 88 . . • • .. . . . • . . . 97 100. 66 











ug . ··ioo· ···5.-46. :::::: :::::: ·i:80·1· ·oa: 93. 12. 23 .•••.... 6. 00 
........••..... 22.80 
....... ..•..••. 8.03 
.•••... . .•..... 8. 52 
. ...... . . •. .••. 7.54 
4. 29 • 14 2. 36 . . . . . . . . . • . . • 62 100. 41 
4. 56 4. 60 . • • . . . . . . • . • . . 3. 91 ...... , 99. 45 
5. 79 7. 79 . . . . . . . . . . . • . . 2. 50 . . . . . . 103. 04 
6. 23 . .••. .•. . 4.45 ...•...•.......... . ....... 
· · · · · · · • · <80: 4oi .. a: 30 · · · 5.-oi ·<i: 85. · .. a: so· · --i 65 · : : : : : : : : : : : : · i: io · 100. oo 
(26. 99} 25. 10 2. 00 2. 44 Trace. 1. 57 . • • . • . . . . . . . . 71 99. 93 
(27. 70) 26. 50 2. 58 2.10 .. . do .. Trace. ... . . . .•.... . 88 99. 38 
(31. 38} 19. 90 2. 35 2. 78 . . . . . . . . 3. 79 . • • • . . . • • . . . • 55 100. 92 
(29. 80} 10. 00 . . . . . . . . . . . . . . . . • . . • • . . • . . • . . . • • . . • . . . . . . . . . . . . . .. . . - - . 
(32.40) 12. 40 3. 35 2. 13 Trace. 3. 24 • • • . . • . • • • . . . 86 99. 43 
(26. 00) 16. 60 3. 54 2. 86 ••. do . . 3. 12 . • • • • • • . • • . . • 50 100. 25 
(32. 00) 13. 20 . 3. 54 a2. 04 . . . . . . • . 3. :l3 . • • • • . . • • • . . . 85 100. 00 
(30. 00) 12. 84 4. 24 4. 33 Trace. 3, 25 • • . • • . • . . • . . • 90 100. 66 
29. 70 13. 50 2. 75 . . • • • • . . . . . . • • . . . • . . . . . • • • • • • . • . . . . . . . • . . . .... . . . 
35.00 ..... ... .... .. ....• .. ....•• . .••. . ... . ••... ·••••· 1.52 ..•..... 
29. 32 13. 68 3. 87 . • • • . . . . . . . . • • . . • • . . • • . . • . . . . . • • • . . . . . • . . . .. .... . 
38. 60 10. 80 .•••.•..•••••..••.••••.••...•.••••••••••.. -. . • . . . . .•..•. . 
............... ... ... ·---··· ----·-- ----··· ................... ······ -----· ........ . ......... . 
. • • • • . . 34. 40 5. 80 . . • • • • . • • • • • • . . • • • • • • . • • • . • • • . • • • • • • . . . . . . . • . • • . . ....•.. 
.•..•.. ..•.... . 10.10 ....•..•••• •• . .••..••. ·••·•••· ••••••.••....•.••. · .•..•• . 
. . • . . . . . • • . . . • . 12. 80 1. 60 . • • • . . . . . • . . • • . . • • . • • • . . • • • • . • • . • . . 1. 84 ..•.•••. 
. • • . • . . . . . . . • • . 25 20 1. 10 . . • . . . . Trace. L 60 . . . . . . . . . . . . 1. 62 .••.•••. 
...•... • ••···• · 17. 05 ··•••• ...•••. . ..•..••.••.•••••••• , .................... . 
--····· ..•..••. 19.40 ·••··•· ••••••• ·••··••• .••.•••••••••••••••..••••. ·••·•••• 
. . . . . • . . . • . . . • . 25. 05 4. 75 . • • • . . • Trace. . • . . . . . . • 30 • • • • . • 2. 67 •••••••. 
.••..•. ·•····•· 14.20 .•••••..•••••...•.•.•.•••..••.••••••.••••..•..•.•••.•••• 
. • . . . • . . • . . . • • . 13. 30 4. 55 . . . . . . . . . . . . . • . . • . . . . . . • •• . . . . . . . . . . . . . . . . ....••. 
ca By di1ference. 








R. C. Ballard. 
Do. 
Do. 












W.R. Boggs. Average 

























June 14, 1883 ...••...•.. 35 3.10 10.00 J •••••. J 28.00 I 30.94 j ••••••• , •••••••• , 16.20 1 .•••... , ...••.. , .....••. , .••..••. , ••.•.• , •••••• , .•••.. , .••..... 
June 20, 1883 ...•.....•. 36 
37 
Jan., Feb., 1884 •••.•••. 38 
1879. ·•·····••••••···•· 89 
40 
February 24, 1884 .••••. 41 
December 27, 1882 .••••. 42 
February 1, 1883 .•.•... 43 
March 14, 1883 ....•.••. 44 
May 2, 1883 .••..•••• •• • 45 
May 3,1883 ..... ....•• . 46 
January 18, 1883 ..•.•.. 47 
lfobruary 23, 1884 ..•... 48 
40 
50 
February 23, 1884 •••••. 51 
March 5, 1884 ......•... 52 
October 2, 1882 ...•..••. 53 
March 13, 1884 ..••••••• 5' 
March 17, 1884 .••...• . . 55 
March 19, 1884 .•••.•••. 56 
March 21, 1884 ..•.••••• 57 
March 24, 1884 ..•.•.••. 58 
April 3, 1884 .•••••...•. 59 
April 7, 1884 .•.••...... 60 
April 0, 1884 . • . . . • • • • . . 61 
April 11, 1884.. •• •• . • • . 62 
Aptil 14, 1884 . . . • . • . • • . 63 
April 15, 1884...... • . • . 64 
April 18, 1884 . • • • • . . • • . 65 
April 22, 1884 •••••••••• 66 
.!.pril 28, 1884. •• • • • • • • • 67 





































































1······ -·1········1······ 71 ........ · ··  .... . 
72 ·••••••· ..•..•.•••.•.. 
35. 40 120. 36 
34. 00 23. 04 
36. 76 34. 45 

















































·33. 00 28. 93 
32. 90 29.11 
33. 00 26. 89 
33. 20 27. 51 
34. 60 30. 09 
36. 00 32. 00 
32. 00 36. 47 
27. 60 45. 00 
29.80 39.W 
14. 80 114. 83 
14. 80 12. 70 































....................................................... -----· ......... . 
....... .•••... .••. .••. .••...•. 4. 53 .••....••... ·•······ 
25. 78 4. 20 1. 00 . . • . . • • . • • • • • • . • • . • • . • • • . . 91. 30 
43. 25 6. 34 Trace. . • • . • • • . . • • • • . . • • . . . . • • • . . 98. 25 
.. .. --.. - -............ --..... - .. -----........ - ........ ·- ....... -- ---. 
3.61 ······· ·····•·· .••...•.••••...•••••.••••...•...•. 
... ---. -...... - .. . - .. .. . .. . .. . .. ........ -. . ... -. .. . . --. .. . . -. . . ~ -...... -. 
3.47 .•.•.....•..•••.•••••••.•••..•••••••••••.•••..••. 
4.14 ...•.•. ··••··•• ·•···•• · .......•.... •••••· .••..•.. 
3. 99 .•••....••......•.•.•.........•••...••••...•.•.•. 
3. 89 ·•••··· · ·•··· ...••..•...•••..••••.....•.. ·••··•• · 
3.45 .••••.. •••·•· ..•••..•....•.••.••....•.....••..•.. 
3. 51 ·•·••• ......•..••... ~. •••••• .••...••••......•.•. 
3. 50 .•••••• ····· ··· ·····•·· •••••.•••....•••. . ..•...•. 
4. 75 ..•••. . ··•··••· ••••••..••.•.•..•.•....•.. ··•··•·· 
4. 54 .•••••. ·••··••· .••......••••....... ···••· ········ 
3.22 .•..•..••••.....••.•..•.•••.........••... , .. ·••··· 
3.42 
2.86 
23. 951 3. 00 , ...•••. , •••••••• , .••••••• , •••••• , ••••.. , •••••. , ...•.•.. 
24. 00 .•.•........•• •••••• ••••••••.••••••••••••• •••·•· ·······• 
22. 00 2. 97 ·•·••• ..•••••••.••••••••••••• . ••••• ·•••·· .. •••··· 




W. T. Page. Charge lll· 
correctly calculated. 




W. T. Page. Average of 
8 analyses; two months' 
run. 

























· W. T. Page. 135.oz. bull· 
ion. 
W. T. Page. 138.oz. bun. 
ion. 





IL T. V. Furman. Pee· 
tolitic, fibrous. 
H. T. V. Furman. Fine 
translucent crystals. 
H. T. V. Furman. No 
lead founcl. 
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Analyses of a1·gentiferous lead sZagB-Continnel. 
Si 02. I FeO. IF6209. I = Fe. I Cao. I Mno.1 Aho,.1 MgO. PbO. I ZnO. I PbS.I S. Total. Analyst and remarks. 
1---1---1---1 I I I I I 1--i---1 
'February, 1884 ..... 
Februnry 1, 1884 . . . 
January, 1884 .••... 
February, 1884 ... . 
73 , ........ , .••..... , .••... 
74 ...........•.... , ..... . 
75 



























April, 1884 .••..... . , :~ 1. 40 1. 60 
3.00 2.80 
91 . 60 1.00 
92 .60 . 90 
93 . 80 .60 
94 . 50 1.00 
95 1.25 1.50 
96 l. 25 1. 50 
97 5. 00 3.00 
98 1. 20 2.10 
99 ··-···· · ::::::::i:::::: 100 
81. 00 34. 83 
32. 20 28. 50 
25. 50 40. 97 
85. 80 2!_;. 50 
37. 60 20. 07 
36. 20 26. 20 
32. 20 27. 70 
35. 80 23. 74 
39. 00 22. 80 
36. 20 24.17 
34. 00 33. 43 
32. 50 29. 06 
37. 70 35. 48 
35. 30 35. 35 
37. 00 36. 38 
38. 20 32. 52 
36. 50 38. 57 
37. 50 41. 65 
31. 50 41. 52 
33. so 36. 22 
35. 70 38. 95 
32. 00 36. 80 
34. 60 · 41. 80 
34. 90 35. 70 
40. 00 17. 70 
38. 00 27. 60 
88. 00 40. 00 









····· ··•· ·· ··: ·1· ····· ··1·· ···· ··1······1······1······1········1 H~;~1!~isfakan. Tetrag• .... . .. 
1 
....... ... . .. . . ............................. . .... H. •.r. V. Furman. Almost 
· cubes . 
. . . . . . . . • . . . . . . . . . . . . . 2. 70 7. 6i . . . . . . . . • . . . . . . ... . . . H. T. V. Furman. Alu min· 
. 60 
.41 gJg 1:::::::: 1. 36 4. 08 
....... , . ·6: 65 · 1: :: : : : : : 1: :::::: :1. ~:~~. I:::::: I:::::: 1:::::::: 
ous. 
H. T. V. Furman. Ran free. 




H. T. V. Furman. Very bad. 
Furnace closed. 
18. 75 I _9. 41 I 3. 95 .88 I 4.67 1 •..... 1 .83 I 98. 86 W. T . Page. Resemblespor· 
celain. 




























a By wet analysis. 
W. T. Page. 185-oz. bullion. 
W. •.r. Page. 70·oZ. bullion. 
Monoclinic crystals. 
Old Leadville slag. 
T1?-re
1
~ hours after "blowing 
m. 



















Types.-By the term " slag types" are meant those slags which are 
built up according to some well defined composition, and which always 
have a distinct crystalline form. Many of these types approach in com-
position certain well known siliceous minerals. It is somewhat rare to 
find in tbe same piece or pot of slag more than a single kind or type, 
though such cases will occur occasionally when there is a marked change 
in the ore charge, or where there is fed into the furnace a slag different 
iu composition from that produced by the ore and lime flux. I have 
studied slags, with no small amount of care and attention, through the 
following wide ranges of composition : 
Per cent. 
Si 02 ....................... . ...... .... ." ........ .................... ........ .................... 26 to 41 
Fe . .........••••...•......••..••..••••....••.••••••.••...•..••..•••••.•...•.....••.....••••..•. 18 to 45 
CaO .•..••..•. ...••..•..•.•..•..••.•.•.••.•••• .•.••.••••••.•.. ..•.•••.••••..•....•.... ..• •...•. 5 to 35 
Mn .... .......••.•.•.... ....••...............••..•.. .. ....•......••..•• •.•.. ................ Trace to 40 
MgO .. .. ................... .. ............................................................ . .. Trace to 8 
While it is possible, and even probable, that there may be some par-
ticular kind or class of slags which has escaped observation, the follow-
ing types will include practically every known slag which is well 
adapted for argentiferous lead smelting: · 
Types of lead slags. 
ITJ :Percentage .. 
CaO. FeO+MnO. Si02. 
I 
A 6 52 82 
B 10 45 35 
C 12 50 28 
D 16 34 34 
E 20 40 30 
F 24 33 33 
G 28 27 35 
It must 11ot be understood that these types are rigidly fixed, since all 
of them are subject to certain ranges or limits, and still may be quite 
fair slags. Some, it bas been noticed, are subject to wider limits than 
others; this is particularly true of the type F. By observation and long 
experience it has been found that slags of a certain kind are easily. fu-
sible, run freely, prevent certain mechanical difficulties in the crucible, 
and admit of long campaigns. These slags' occasion small silver and 
lead losses and are therefore to be imitated as nearly as practicable; 
but to say that a certain slag is good "or bad if the type is not accurately 
obtained is certainly erroneous. Where the type is so clearly ap- ' 
proached that there occur certain slight alterations in the crystalJine 
form, the slag may be, and generally is, a very good one to make ; now 
to alter the slag so that the type may be more closely approached will 
sometimes be highly impolitic from a commercial standpoint. If, in 
short, we alter a slag which already closely approaches a given type, the 
cost should be an important item i:ri the consideration, and :qot the 
beauty of the crystals. 
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I have noticed that most slags produced between certain recognized 
types assume~ distinct appearance which more or less resembles that 
of the minerals pectolite and wavellite. Slags having a structure 
closely resembling these minerals may be designated as pectolitic or 
wavellitic slags. From what has been said it will be seen that all pec-
tolitic and wavellitic slags may be _regarded as abnormal. Generally 
pectolitic and wavellitic slags run high, that is to say, carry too much 
lead and silver, especially the latter, yet a very few exceptions to this 
statement have been noted where manganese enters largely into the 
composition. 
There are a few well defined crystalline slags which are not adapted 
to lead smelting ; this is particularly the case where the percentage of 
iron is very high and that of lime is low (see type A, Fig. 5 a, and an-
alyses Nos. 1, 2, 3, 4, and 6). 
All o~ the above named various types have been made by the writer, 
and run for some time, except the type A, which it is thought should 
only be used under exceedingly peculiar circumstances. It must cer-
tainly occasion much loss in both lead and silver, and aside from its be-
ing an expensive slag where siliceous ores are treated, it is also a dan-
gerous slag to use, owing to the liability of forming "iron sows." It is 
thought best never to allow the percentage of lime to drop below 10 per 
cent. 
Type B will keep the furnace in good condition and the tonnage large, 
but the silver and lead losses are also liable to be large. This character 
of slag is illustrated by analyses 12 and 17 and Fig. 5a'. The crystals 
are generally small rhombic plates, more or less thickened, and are often 
hopper-shaped, and are characterized by well defined striations. There 
are conditions which make this an exceedingly economical slag. Where 
good limestone is not readily obtained at reasonable rates this is not a 
bad slag to make. 
Type C, according to Dr. 0. H. Hahn, has the formula: 6Fe0 3Si02+ 
2Ca0 Si02 ; hence the following percentage of composition: 
Per ceut. 
SiOi. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . so. 61 
FeO . ............. .......................................... ............. ............ .. .......... . 55.10 
CaO ..................... ............•................... . ................. . ...................... 14. 29 
100. 00 
Now, by deducting 10 per cent. ~s an aUowance for the other ingredi-
ents, there remain-
Per cent. 
810, .••...••....•...•..••••••..•••••....•••..•...••..••.••.• •. •••·•••••• •••··••••••· ....••...•.... ?:T. 55 
FeO ...... ............. . .......................•... ..•................................. . .. ........ 49.59 
C_aO .....•... .. ... ....•..•..•......•.•..............•.....••••••........•.•...•.....•.•..•........ 12. 86 
90. 00 
We therefore ee that the slag belongs to the ty1ie C. This slag has 
been accurately de cribed by Dr. 0. H. Hahn in the "Mineral Resources 
of the United tat.e " for 1882. The alient features may be briefly 
tat d a. follows: '' The proportion of calcic o~de is to the ferrous oxide 
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as 1 : 4 ;" it has a marked physical appearance, a distinct crystalline 
form, color black, "frequently with a rusty brown film, and a fibrous 
texture;" it is a good slag, both commercially and metallurgically. It 
is not as free from lead as type E, '' and is especially adapted for smelt-
ing ores containing a large percentage of zinc." It will be readily seen 
that where exceedingly siliceous ores are treated, which also contain 
much zinc, type C cannot be regarded as an economical slag; -w u~~6 !n 
localities where iron flux is abundant and the ores carry much zinc, 
this slag cannot be too highly recommended. 
Type D is well adapted to the treatment of siliceous and very impure 
ores; it crystallizes in the form shown in Fig. 5 b, and corresponds to 
the formula: 5Fe0 4Si02 + 3Ca0 2Si02• This giv~s- as its percentage 
of composition: 
Per oent. 
SiO~---··· .•••.••.......•......•.•••.•••••••.•••.•.••..•••.••••••••••.••••••••••••.••..••..••..••. 40. 54 
FeO .................................................................••••......................... 40.54 
CaO .••.•••••••••••••..••••.••••.••. · .•••.••.••...••..•••.••...••..••.••••.•••••.•..•...•.•..•••...• 18. 92 
I --
100. 00 
It was found that by smelting a certain class of ores, the united per· 
centages of Si20, FeO, and CaO, as shown by analysis, would be 84; 
therefore, if we deduct 16 pe.r cent. from each of the above given per-
centages, there would result-
Per cent. 
Si Ch .••••••••••••••••••••••.•••.•••••••••••••••••••••.•••.•••.••••••••.•••••••••••••••.•••••.•••••• 34. 06 
FeO .•••••.•...••.......•...•..•••••••••••.••..•...•...••.....•••••••••••..••••••.•••........••••. 34. 06 




SiCh ••••••••••••••••••••••••••••••••••••••••.••••••.•••••••.•••.•••••••••••••••••••.•••••••.•••••. 34. 00 
FeO ....•••.•••.••••••.••..•.••..••......••••••..•.•••.••..............••..••...••••......•..••••. 34.00 
CaO ••••••••••••••••••.••••••• ····-···· ••••••••••••.••.•••••••.••••.•••.••.•••••••••..•••••.••••. 16. oo 
84. 00 
It cannot be ooid that the type D is the same as type F, which it 
closely resembles in chemical composition, since the crystalline form 
(~g. 5 b) and physical properties are entirely dissimilar. Very excellent 
results have been obtajned with this slag, even when .producing high-
grade silver bullion. The crystals of this slag are more or less translu-
cent, flattened, and often contain an abrupt arrow-shaped point or .ter-
mination. These crystals should not for a moment be coufounded with 
the sharp, blunt, spear-headed slag formation which is due to a marked 
deficiency in iron (or manganese), since the latter slag invariably con-
tains considerable silver. The chief objection to the type D is the dif-
ficulty of obtaining it. When there is a scarcity of both iron and lime, 
and siliceous ores must be treated, I know of no better slag than that 
given by type D ; these slags will invariably run very low in lead, and 
the silver will vary from half an ounce to two-and-a-half ounces per ton, 
according to the grade of bullion and the lead charge. 
Tvpe E is a most e~cellent slag; it is a, true singulo-~licate, and has 
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the formula: GFeO, 3Si02 + 4Ca0, 2Si02• This gives as the percen· 
tage composition : 
Per cent. 
Si02 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 31. 38 
FeO • . • • • • . . • . . . . . . • • • • • . • . . . • • . • • • . • • • • • • • • . . . • • . . • • • . • • • • • • . . • • • • . . • • • • • . • • • • . • • • • . . • • • • • . . • • 45. 18 
CaO. ... ...... ...... ...... .• .•.. ...... ...•.. ....... ..... ..•..••. .•.... .••. .. . .••. • . ...... ...... 23.44 
100. 00 
By deducting 10 per cent. as an allowance for other ingredients we 
would obtain : 
Per cent. 
SiO2 ...... .. .....•...... ...... ' .................................................... , . . . . . . . . . . . . 28. 24 
FeO . . • . . . . • • • . • • • • • • • • . • • • • • • . . . • . . . . • • • . • • . • . • . . • • • • . . • . . . • . • . . . . . . . . • • • • . . • • . . . . . . • . . • • • • • . . 40. 66 
CaO ..•. · ....•......••... , ...............•.•.......................•.•...........•.•.. •......... 21.10 
90. 00 
It is customary to carry at least 30 per cent. Si02 in forming this type 
of slag. The CaO : FeO practically as 1 : 2 ; the physical properties are 
well marked, and it crystallizes as shown in Fig. 5 c. . 
" If,'' s.ays Dr. Hahn, " the proper amount of fuel Las been given to 
the charge, it will contain neither lead nor silver; and it is my opinion 
that if it ever is metaJliferous it is through small globules of matte dis. 
solved in it, which have not been separated on account of lack of heat 
in the furnace. Running on such a slag a furnace can never get out of 
order except through gross carelessness." I have previously stated that 
all lead lags contain at least some lead and silver, although the a.mounts 
may be man, perhaps merely a trace ; yet I have never seen a slag 
which at the same time contained only a, trace of lead and silver, al· 
though I have examined a very large number of slags which were 
claimed to be free from these elements. This slag is used to ''blow in" 
a furnace, to loosen up crucible obstructions, and also immediately after 
"barring" the furnace hanging , with markedly good results. It al· 
lOW a large tonnagA, requires a COmparatively Small amount Of fuel, 
and i in ,hort an economical slag where it can be continuously run, 
but in c rtain looa.Jities where iron flux is quite scarce, it is not as prof· 
itabl a lag as th type D, F, and G. 
Type Ii' is then xt well defiu •d slag in the lime scale (see Fig. 5 d, ancT 
analy e No . 63, G4, G5, 66, 67, 68, and 84). The most perfect crystals 
I have noticed belon°'ing to thi tJ·pe were carefully analyzed, giving 
tbe r ult a tat din aualy i No. 84. Thi i a black, lu trou slag, 
di tinctly re inous. The cry tal are rectangular prism , remarkably 
tr n ·luc nt, and in fact wb r th re i little mangan se pre ent they 
ar often tran par nt; the top of a number of the cry tal are slightly 
ind ut cl r hollowed out, like alt cry tal . It is an exceedingly friabl 
·h g; th , p wd r i. mou e·color d. I am indebted to Mr. H. V. Furman 
fi r ,·p ·imen of tlli · lag; to Mr. A. F. Schneider i due the di covers 
f h t. ·p . Tbi lag contained only two.tenth of an ounc il·rnr and 
n •· nart r of n pn· nt. lead, and i the fre t from 1 ad and ilver 
f au • lag I ba·rn ev r b n able to find. 
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Type G is perhaps the best slag which ha~ been discovered for the 
treatment of exceedingly siliceous ores. Mr. Raht, metallurgist of the.. 
Horn Silver works, Utah, produced this slag with most ex.cellent re-
sults, working ores containing considerable baryta, alumina, and zinc. 
If I am properly informed, l\ir. Raht is the discoverer of- this most ex-
cellent type, which first gained publicity through an article by Mr. 
Schneider. This slag crystallizes in the form shown in Fig. 5 e, and will 
usually contain from 25 to ~O per cent. 0aO. The pectolitic forms of 
these high lim~ slags are sometimes good. 
The slag crystallizing in hexagonal plates, as shown in Fig. 5 g, is some-
times good, but more often these indicate a bad slag according to my 
own experience. These hexagonal plates may be regarded a~ indicative 
of too high a percentage of lime, in forming the high lime slags. In 
attempting to flux exceedingly siliceous ores with lime alone, we will 
obtain slag appearances like Fig. ·5 f, f', and h. But while such slags 
(notably Fig. 5/') are remarkably free from lead, the silver is alarmingly 
high; according to the experience of others, however, the very reverse 
bas been observed. In making this high lime slag, where there is a 
great deficit in either iron or manganese, the fuel and the lead charge 
have Ii1,tle or no effect in-reducing the silver losses. 
In conclusion it should be said that there i's unmistakably some law 
governing the losses of both lead and silver in lead smelting. This 
law, it seems to me, has never as yet been clearly enunciated. · We 
know that most highly crystalline slags are good, yet some slags which 
have no .well defined crystalline form are also good. Furthermore, it is 
known that most easily fusible and fluid slags are good, and yet this is 
not al ways the case. Why should one slag be good and · another be 
bad f To say that there should be a certain ratio existing between the 
silica and the bases does not solve the problem. The fuel a,lso has a 
very important bearing upon_ this question, and it is well known that 
coke alone will produce a cleaner slag than a mixture of coke and char-
coal. While,the use of charcoal will give an increased tonnage, i'.t will 
also generally cause an increased loss in silver. 
' The dissemination of matte globules in the slag does not to my mind 
satisfactorily explain the silver losses, since I have detached perfectly 
pure crystals from the very heart of the pot from slags of all of the above 
given types, and as a ge.neral thing these crystals were found to con-
tain a larger amount of silver than the main body of the slag; the lead 
co.ntents win usually be less. It was once thought tha,t silver losses 
were due largely to manganese by the formation of silica.te of silver 
(that is, the nascent oxygen given off from the manganese oxides would 
oxidize the silv-er, and this would unite with silica and thereby be car-
ried off into the slag). I have elsewhere shown the impossibility of this 
s-qpposition, and that there is no good ground for believing that such u. 
compound has ever l;>een produced or can be. 
Can it be possible that the amount of cyanogen existing in the fur-
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nace at different times when producing ce!'tain types of slag has any 
bearing upon this subject J Aside from the fact that there are certain 
well known ratios which should exist between the silica and the bases 
present (for exampJ.e, iron and manganese), and that lime has a most 
remarkable influence in cleansing tbe slag, we know little or nothing 
regarding this subject. _ 
There seems to be some law governing the crystalline form and the 
amount of lime present, and it has been noticed that slags having differ-
ent amounts of lime usually crystallize as folJows (see page 441): 
Slags having 3 to 5 per cent. CaO orystallize like Fig. 5 a. 
Slags having 8 to 12 per cent. CaO crystallize like Fig. 5 a'. 
Slags having 15 to 18 per cent. CaO crystallize like Fig. 5 b. 
Slags having 19 to 22 per cent. CaO crystallize like Fig. 5 c. 
Slags having 23 to 25 per cent. Cao crystallize like Fig. 5 d. 
Slags having 25 to 27 per cent. Cao crystallize like Fig. 5 e. 
Slags having 30 to 35 per eent. CaO crystallize like Fig. 5 g. 
And, finally, two slags which have almost the same ide·ntical chemical 
composition will frequently give by assay very dissimilar results. 
RECENT IMPROVEMENTS IN DESILVERIZING LE.AD IN 
THE UNI:r'ED STATES. 
BY H. 0. HOFMAN. 
The process employed in all the desilverizing works in the United 
States but one for extracting silver and gold from base bullion is that 
invented by Parkes. it is based upon the fact that zinc has a strong 
tendency to alloy with gold and silver, and a comparatively slight one 
to alloy with lead. Thus when zinc is added to molten lead containiug 
the preciou metal , the latter will be separated from the lead and form 
an alloy with the zinc, from which the pure metals can be extracted 
with comparative ea e. 
The Rozan proce (a modification of Pattinson' process), which is 
in u e only at the Richmond work·, Eureka, Nevada, and the desilveri-
zation of lead by electroly i (see "Mineral Resources of the Unit d 
States, 1882," page 650j, on which M.r. N. S. Keith is experimenting at 
Rome, N w York, will not be di cus ·ed in this paper, which will be 
confined exclu ively to de ilverizing by zinc as it i carried on in ~he 
principal refin ri f the Unit d States. 
Th re ha, b en nineteen r fining work built in the United States 
within the pa t fifteen or tw nty year . Of the e eight have either 
t pped working altog ther or are refining only at interval on a mall 
cal . Tb w rk in a tual op ration are tho at Omaha, bra ·ka; 
· Kan a City and aint oui, , Ii ·ouri; Aurora and Chicacro, Illinoi · 
Man fl. Id, eon ylvania; we rk, :r w Jer ' y; the lby Work at an 
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Francisco; the Richmond Works at Eureka, Nevada; the Germania 
Wor~s at Salt Lake City, Utah; and the Pueblo Works at Pueblo, 
Colorado. 
The arrangement of the different parts of the plant of a refinery 
must of course vary somewhat according to its location, but a certain 
sequence of apparatus inheres in the nature of the process. Its general 
order may b~ briefly stated as follows: On the highest level will be the 
softening furnaces, which receive the base bullion and prepare it for 
the kettles. The latter are a stage lower, and here the softened bullion 
is desilve~ized. The apparatus for liquating the zinc crusts is also upon 
the same floor, and a track leads from it to the tops of' the bins which 
hold the liquated crusts ready for distillation in the retort room. This 
lies on the same level as the cupelling room, where the retort bullion is 
turned into fine silver or <lore silver bars. Following the desilve.rized 
lead we reach the next level, that of the refining furnaces in which the 
desilverized lead is dezincified. Thence it passes, according to t,he 
method of working in use, either at once into the molding apparatus 
on the same floor or into another kettle, and from this to a lower level, 
where it is cast in to molds and shipped. · 
The working of by-products varies in different refineries according to 
their location and to the mode of working (whether with reverberatory 
or blast-furnaces). It also depends largely upon whether ore smelting 
is carried on to any extent or not at the same works. Thus we have: 
1. Receiving and assaying base bullion. 
2. Softening base bullion. 
3. Desil verization of softened bullion. 
4. Dezinci:fication of desilverized lea~. 
5. Molding of refined lead. 
6. Treatment of zinc crusts. 
7. Cupellation of retort bullion. 
8. Treatment of by-products-softening dross and .skimmings, kettlo 
dross, refining skimmings and polings, retort dross and blue powder, 
litharge, old retorts, cupel bottoms, etc. 
Receiving and assaying base bullion. -The handling of the bullion till 
it is ready to be softened (that is, unloading, weighing, and sampling) 
has been much simplified and improved. The base bullion usually ar-
rives from the West in carloads of 10 short tons each, and the following 
is one of the best and easi~st ways of handling it: The track on which 
the railroad cars carrying the base bullion are to arrive is laid so low 
that the bottom of the car is on a level with the upper platform of tlie 
works. Along the whole Ieng~ of this platform and parallel with the 
railroad runs a narrow-gauge track bearing a number of strongly built 
bullion trucks. At oue or two points ~upon the track are scales, on 
which the bullion is weighed. It is carried out from the car, loaded 
upon the truck standing before the car door, and when this is filled 
·to a height convenient for lifting (about 3¼ feet) it is moved on and an-
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other takmJ its place. The trucks are run on the scales, the bullion is· 
weighed, and is then sampled from them directly on to other trucks. 
These last move straight to the softening furnaces or to places near 
them, and no more handling is required before the bullion is charged 
into the furnaces. 
In the department of sampling and assaying there has been much 
disputing between smelters and refiners, whose results of~en_ differ con-
siderably. Impressed with the importance of finding a method of sam-
r1ling that should approximate closely to the real average of assays, the 
writer three years ago went to work in the following way: He first Qb-
tained the actual exact assay by cutting bars of bullion into three 
pieces, taking samples systematically from each piece, numbering these 
and assaying them separately. Having thus arrived at the most care-
ful results, various· experimental methods of sampling were tried, and 
the following was found to be the best. It comes very close to the 
actual average, and is often identical with it: Punch samples are taken 
diagonally aero $ a row of, say, five bars, driving the punch every time 
deeper than half way through ; the bars are then turned over, and this 
is repeated on the othn side in the opposite diagonal. 
The samples are now usually melted down in a crucible that has been 
well heated for some time, so that the melting can be accomplished 
quickly. When the mass has come to a red heat, so that the dross is 
about dissolved, but no cupelling bas begun, the lead is well stirred 
for not 'less than five minutes, and is then poured, with the dross, into 
a mold of, ay, 3 by 7 inche . This sample bar, representing 10 short 
tons of base bullion, ought to weigh about 8 pounds avoirdupois, and 
rather more than le , . · 
Differ nt work have now different modes of procedure. The fol-
lowin O' i perbap tlte mo t satisfactory: Four samples of somewhat 
over one a ay ton each are taken from the middle of the four sides of 
tli , ample bar, cutting the entire bar through. From these, four sam-
pl , of exactly one a ay ton each, are weighed out and cupelled. The 
re ult from u. ing one a ay ton for cupellation have been more satis-
factory with the il vcr a regard accuracy and uniformity than when 
half an a ay ton wa tak n. The reason for this is manifest, the 
chance of po ible inaccuracy beiug dimini bed one-half. Of course 
with gold, e pecially if the bullion contain only traces of it, we have 
al o the advantage (from u ing 4 a ay tons in tead of 2) of the added 
weight. 
oftening base bullion.-Ba ·e bullion a it comes from the smelter i 
m re or le contaminat d with imputitie.· (a copper, ulphur, anti-
m n r' nic, tr..). The ·e have to b rem v d before the de ilveriz-
iD"' ·an be ucc 'fully accompli bed. It i u ually done in a reverber-
ntory fornac , ·all d a ft niu"' furnace. 
Th b d c n i of a p n whiclJ i maue either of ca t iron or wrought 
iron, pr fer bl th latter. Thi re t upon tran ver e rail , and they 
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in their turn upon brick walls, which extend longitudinally. The hearth 
is built into the pan. It is dish-shaped in section and elliptical in plan. 
In depth it should be not more than 10 or 11 inches, the other dimen-
sions varying according to the desired capacity, its length being usually 
to the breadth as 1¼ to 1. If the pan is made of cast iron, it must stand 
free, as pressure from the roof of the furnace would increase its tend-
ency to crack. This it is liable to do in any case. If, on the other hand, 
the pan is made of wrought iron, these precautions are unnecessary, the 
roof resting upon angle iron, which acts not only for support but also 
to prevent the hearth from rising. This is the best method of construc-
tion and also the cheapest. The hearth is usually made as follows: 
First, a layer of brasque is carefully tamped in and then so cut out that 
the course of firebrick which is to be laid endwise upon it shall bring 
it to the desired shape. The walls are built in the same way, the entire 
· inside surface consisting first of brasque and then of brick. Some fur-
naces dispense with brasque for the sides, and substitute a course of red 
brick. The entire hearth has an inclination toward the tapping hole, 
which is either on the same side as the flue or opposite the charging 
door. The latter arrangement takes up less room than the other, and is 
therefore to be preferred. If the pan is of cast iron a spout is screwed 
on it, and the opening is closed by tamping in a small breast. If 
wrought iron is used, a cast-iron pipe extends outward along the bottom 
of the hearth and is fastened with bolts to the pan, the opening in the 
side wall through which it passes being carefully filled with hard beaten 
brasque. It is opened and closed with a clamp and thumbscrew or a 
slide valve. 
The bullion is charged through a side door by means of a long-hand-
led paddle, running on a roller. The lead is then melted down with a 
low heat. When melted, it is stirred, heated again, and the furnace-
dross (a mixture of lead, copper, sulphur, etc.), is raked or skimmed 
off. The heat is then increased and the furnace is kept red hot till all 
the antimony and arsenic are oxidized and combined with protoxide of 
lead into antimoniate and arseniate of lead; the furnace is then cooled 
and these softening skimmings are removed. The process of softening 
is apt to be a lengthy one, especially if much arsenic is present. One 
mode of hastening it is to cool repeatedly and skim off the crusts ·as fast 
as formed. This gives an eve.r fresh surface for oxidation, which can 
be increased in two ways-first, by artificial blast, entering at each 
side of the fire bridge, and secondly, by steam introduced through pipes 
pres ed down lengthwise into the lead. The former method has not 
been eminently successful, out the steam pipes are found to work very 
e:ffoctively by stirring up the lead so that it constantly presents new 
surfaces for oxidation. One disadvantage, however, arising from it is 
the constant washing of the hot lead and litharge against the sides of 
the furnace. This rapidly corrodes and destroys the brick. As a pro-
tection, pipes, in which water circulates, hu.ve been introduced behind 
2 M R-30 
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the brickwork at the level where it meets the upper surface of' the lead. 
These have proved very helpful. It must also be added that a repeated 
cooling of the surface of the lead retards its actual softening. Perhaps 
the best way of averaging the difficulties and producing the most satis-
factory results is to mix hard and soft bullion in the charge, cool and 
skim once only (unless a,bsolutely necessary), and take special care that 
the hearth is not too deep, introducing the steam pipes as a last resort. 
The method occasionally employed of softening in kettles by the aid 
of steam or compressed air is an expensive and slow operation, inferior 
in all ways to the other. 
Many efforts have been made to reduce the consumption of fuel, and 
generally with small success. It appears to the writer that every re-
finery which works steadily should be provided with gas furnaces. 
The softening, refining, and cupelling furnaces need a strong oxidizing 
flame. The kettles must be alternately heated and cooled as fast as 
possible, while in all departments a good even heat is much to be 
desired. All these requirements would be better met by gas than 
by any other form of fuel, and it is confidently believed that the ulti-
mate expense would prove lesR than at present. 
Desilverization of softened bullion.-From the softening furnaces the 
bullion is run off through troughs into desilverizing kettles. These are 
spherical in form and have each a separate fireplace and chimney, the 
products of combustion passing first around the kettle through a circu-
lar flue beneath the brim. The kettles are usually 3 feet deep, with a. 
diameter which varies according to need, the original capacity of 10 
short tons having been gradually increased, with complete success, to 
40 tons. The kettles are tapped either by a discharge pipe running out 
from the bottom or by a siphon. Iu the former case the pipe is closed 
by a slide valve on the outside of the kettles or by a clamp and thumb-
crew within it. The objection to tlle pipe is, first, the additional ex-
pen 'e, and, econdly, the difficulty of keeping it tight if the kettle has 
been in u e for ome time. Then also a certain amount of undesilver-
ize<l lead will be lost with the outside slide valve through the discharge 
pipe, and ff a thumb 'Crew within the kettle is substituted, the rod will 
alway be in the way. To empty the kettles by use of the siphon is a 
simple and elegant method., preforable in all respects to the other, and 
a ily learned with a little practice. The siphon is made of gas pipe 
and the ection arm bas a cock at the lower end. The pipe is heated 
and filled by putting it into the full kettle; the cock is then closed and 
th longer arm taken out and suspended, the shorter one being held 
d wn in the lead. When the cock is opened the lead runs out. 
Tb de ilverizing proce proper is a follows: After being heated 
the kettle· ar fill d from the oftening furnaces and the dross (kettle 
dr ) i kimmed off from the nrface of the lead. The first addition 
f zinc i th n ma l the quantity depending upon the amount of gold 
and copper in th kettl . hen the zinc is melted it is stirred into the 
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lead.. This stirring in has always been a hard task for the workman;-
and various mechanical stirrers have been used, but the hand stirring 
was found best, until stirring by steam was successfully tried. An 
inch pipe is inserted in the middle of the kettle 12 inches deep into the-
lead, and dry steam is passed through it. This stirs as evenly and 
thoroughly as could be desired. The fire beneath the kettle is now 
removed or banked up (preferably the latter) and the kettle is allowed 
to cool. This cooling has been sometimes hastened by the use of a pipe 
in which water circulates, but the results are not very satisfactory. 
The gold crust (an alloy of lead, zinc, copper, gold, and silver) now 
rises .. to the surface, and is collected by skimming with a perforated 
ladle. The use of this ladle is made much easier by a hook suspended 
on a chain, which acts as a lever, and is of great assistance with the 
heavy crusts which form in the desilverizing kettles holding 36 or 40 
net tons of soft bullion. Any alloy adhering to the sides of the kettle is 
now removed by scraping with a chisel-pointed bar, and skimming and 
scraping are continued until no more crusts appear; All the gold being 
?emoved (this is ascertained by assay), the kettle is reheated and the 
same operation is repeated to extract t,he silver. It is usually repeated 
three times, and is discontinued when 0.2 ounce or less of silver to the 
ton remains. If the assay shows more than this, the use of steam will 
again be found effective in taking awther crust from the kettle. Its 
introduction for half or three-quarters of an hour will invariably reduce 
the silver contents of the kettle and thereby often save an entire 
zincing. 
As the desilverizing requires more time than the softening or refining 
it becomes the standard by which these other operations must be reg-
ulated. Thus the proper rotation is preserved and no time is wasted. 
If the capacity of the kettles be enla.rged the proportion of lead desil-
verized within a given time is greatly increased (as 40 net tons in 24 
hours instead of 25 tons in 20 hours) with very little additional outlay. 
Of course after each separate operation the weight and value of main 
product and by-product are accurately determined and the results noted 
for future reference. 
In assaying after the removal of the gold crust the object will be, 
first, to find whether all the gold has been removed, and, secondly, how 
much silver has been taken off' with it. One assay ton shows no gold; 
with four it appears slightly, and if the buttons of 8 assay tons are 
dissolved a weighable amount of gold will be found. Thus, although 
the gold bas a stronger affinity for zinc than the silver, it is not easy to 
remove it altogether. It would therefore seem to be still an open ques-
tion whether it is not more profitable to make dore bullion alone by 
taking out the precious metals with two or three zincings than to 
make <lore bullion and fine silver by four, five, or even six additions of 
zinc . 
.Dezinciflcation of desilverized lead.-The general construction of the 
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refining furnace is the same as that of the softening furnace. In capac-
ity it compares with it about as 5 : 6. Nothing requires special mention 
except the tapping. If the last traces of antimony and arsenic are to 
be removed, as is sometimes done, by poling with steam, the lead is 
tapped off from 5he refiniig furnace into a kettle, just as the bullion is 
from the softening furnaoo. This will also be done if the molds are to 
be filled either by hand or by the use of a SJ\.".>hon. A better way, how--
·ever, is to tap directly from the refining furnace into the molds. This 
requires, first, a piece of gas pipe screwed into the pan, which must 
·either be cast thick enough for a thread to be cut in it or (if wrough~ 
iron) be strengthened with flanges and fastened by bolts, both inside and 
'Outside. The pipe is joined by a cock to a T, whose horizontal arm is 
closed with a plug. At the vertical end of the T a horizontal pipe with 
an elbow is attached. The method of tapping directly from the refin-
ing furnace by aid of this simple apparatus is unquestionably to be pre-
ferred to any other. In the operation itself the remarks under the head 
of" Softening" are generally applicable, with this addendum : The use 
of steam to hasten oxidation by mechanical agitation has a new advan-
tage in the refining furnace, as it also acts chemically in oxidizing the 
zinc. 
Although in refining the reverbatory furnace is almost exclusively used, 
we sometimes find it replaced by a kettle. With the aid of steam this 
can be made to produce as fine a lead as the reverbatory furnace, and 
the by-products of zinc oxide and lead oxide which result have often 
con iderable market value. It must also be coufessed that the kettles, 
if of the best quality, last longer than is generally supposed, and do 
not corrode as rapidly as those used in place of the softening furnace. 
1'tfolding of refined lead.-This can be accomplished by hand, by use 
of a siphon, or by the apparatus de cribed above. The first method is 
antiquated and ha pa ed into disuse. The second (with a siphon) is, 
like the first, done from a kettle, the molds being placed on a lower 
level, where the bars are al o stamped, weighed, and shipped. The 
siphon is preci ely lik the one used to empty the desilverizing kettles, 
with the addition of a movable pipe of the same length as the long arm 
of the siphon anu o attached to it that it can swing either vertically or 
horizontally. Below upon a double track run trucks on which the molds 
are placed in row . Th e pa s along and receive the lead. Their ro-
tation i so manag d that while the second one is filling the first one 
i,;witche off to the ot h r track. Here it i out of the way and can cool 
and unload while the second and third are filling. Thus three trucks 
with mold1::1 are incli. p n able, while four i the number in general m,e. 
Tb iphon ha tbi di advantage, that it cannot be stopped and started 
again uutil th char e i entirely emptied. With the third m thod (the 
apparatu of ga pip , etc., attached directly to the refining furnac ) 
th tru ·k ar . al o u ed, unle s (which i •he better way) the end pipe 
i mad to wrug freely by attaching it to the T with a nipple. With 
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this the lead can be discharged directly into molds placed upon the 
same floor in a semicircle having its center beneath the ver~ical arm of 
the T. The pipe moves around horizontally, filling them each in turn. 
This method is not only a saving of trouble, but the bars are much 
smoother and more shapely, if not moved until the metal has completely 
hardened. Before using the pipe apparatus a fire is kindled beneath 
the cock to melt any lead that may have solidified there, and the dis-
charge pipe is detached and heated in the refining furnace. 
Treatment of zinc crusts.-When the zinc crusts ( containing gold and 
silver) are skimmed off the desilverizing kettles an excess of lead is 
·also carried away with them. This has to be removed by liquation, 
tbe gold and silver being separately liquated, before the crusts go into 
the retorts to be distilled. Liquating was formerly done in small 
kettles of varying shapes and depths. These have all gradually given 
way to a shallow kettle of medium size having a discharge spout through 
which the liquated lead runs off into a small spherical kettle: It is 
then put back into the desilverizing kettle and forms a part of the next 
charge. The liquation pot is usually placed on a level with this last 
and close beside it, the smaller kettle for the liquated lead being on a 
level ~ith the working floor of the desilverizing kettle. The crusts are 
heated to a dull red heat, so that they may become as dry as possible, 
and are then taken off with perforated ladles and raked out upon the 
floor into convenient shape for the retort. The latest improvement con-
sists in liquating the zinc crusts in a reverberatory furnace, to which is 
added the smaller kettle for liquated lead. This is a quicker operation 
than that in the kettle, and the crusts become drier and do not require 
to be raked afterwards, which is an advantage with large quantities. 
According to the Flach process the dried zinc crusts were smelted in 
the blast furnace, but they are now treated altogether in retorts. These 
are uniformly made of graphite. Their capacity bas been increased 
from 200 to 700 pounds. Both stationary and tilting retorts are in use. 
Of these the tilting retort heated by coke will stand about fourteen 
charges, while a stationary one, where the clinkers can be removed, 
will stand twenty-five. A stationary retort heated by coal will stand 
about twenty charges. The perisbability of the retort is caused by the 
action of the lead inside and that of the fuel without. The latter has 
been diminished by giving the outside of the retort a coating which will 
frit but not melt, will be impervious to gases, and to which clinkers 
from coke will not adhere. This is found to preserve the retort consid-
erably. The condenser is usually made of cast iron and all other forms 
have given way to the simple conical one. 
About the operation it-self there is not much to· be said. The retorts, 
when hot, are charged with the dried crusts mixed with charcoal. As 
the mass melts down more is added until the retort is entirely full. 
The condenser is then attached, and in about eight or ten hours the dis-
tilled zinc has all run out or been tapped off from the condenser. Tb.e 
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lead can then be tapped or ladled out. If the retort is a tilting one it 
can be simply poured off. . 
The retorting of zinc crusts is the weak point of the Parkes process. 
There is much room for improvement here. In Germany the Schnabel-
Cordurie process, which is used at the Go~ernment silver works of Lau-
tenthal, gives great satisfaction. It has two special advantages: First, 
that it con,erts all the zinc into marketable zinc white, and, second, 
that it diminishes tbe inevitable loss of silver. It has not yet been in-
troduced in the United States. 
Oupellation of retort bullion.-The silver in the retort bullion, which 
ought to average 3,000 ounces to the ton, is now subjected to the last 
process, that of cupelling. 
The furnace universally used is the English cupelling furnace. It 
has undergone various changes in the test and in the manner of .work-
ing, but it is also used in its original form. This retains the flat ring 
made of wrought iron, which in the modified form of the furnace has 
been replaced by a water jacket. At first this water jacket was made 
of a single piece of cast iron, later in sections, the original elliptical 
form being retained. The old method of fastening the test to the com-
pass ring with wedges bas given way entirely to the use of set screws. 
The latest water jackets are made square and are of copper, except-
ing the front piece, which is cast iron. This contains a channel for the 
litharge, and can be removed when it becomes corroded and another 
piece slipped into its place without stopping the furnace. The water-
jacket test is used more for concentrating than for finishing. There are 
many ways of fastening the test, one of the best being to use transverse 
bars, upon which it is fixed with four set screws. An excellent method 
of support for the ordinary test is described, with drawing, by Mr. F. 
C. Biake in the "Transactions of the American Institute of Mining En-
gineers," Vol. X., the essential advantage being that it is movable in all 
directions while in operation. The back part is supported by two set 
screws, and towards the front two diverging arms are fastened. These 
are hooked with swivel screws to the base of a triangle, and the. latter 
is attached to a differential pulley. With this pulley the test can be 
mc~P.d up or down to empty it, and with the swivel screws sideways to 
counteract the action of the litharge should this corrode one side of the 
hearth more than the other. 
Bone ash as filling material for the test is little used nowadays, a. 
mixture of clay and limestone or Portland cement being generally pre-
ferr d. If the clay mixture is used, the test is tamped quite full and 
the avity then cooped out; if cement, the test is tamped over a mold 
having the bape of the cavity. This has to be done quickly before the 
m. t rial et . Te t filled with cement are more durable than those 
fill cl with the clay mixture. 
Th tnal c p mng depends upon w bether the concentration aud 
fini :11in ar to b ne in the same furnace or not. For large produc-
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tion it is better to divide the work. If a furnace with a water jacket 
is used to concentratie the bullion t.o, say, 60 per cent. of silver, it can be 
run by an inexperienced man, while judgment and practice are neces 
sary with a test where tile Iitharge channel has to be regulated by the 
cupeller. Thus by dividing the cupelling into the two operations of 
concentrating and finishing, a smaller number of experienced and reliable 
cupellers is required. The original mode of producing blast by a steam 
jet has given way to the use of a blower. The cast-iron pot into which 
the litharge runs has lately in several places been superseded by a 
square wooden box containing water which circulates constantly through 
it. This has two advantages. It reduces the temperature for the cu-
peller and it presents the litharge in a granulated form which is easily 
handled and sampled. When the silver is fine, it is ladled out into 
molds, or (if the above cupel _ described by Mr. Blake is used) it is 
poured. The sample for assaying the.silver is best taken in the follow-
ing way: When the mold is filled with silver a heated spoon is in-
serted, the silver is stirred with it and a sample is taken and granu_ 
lated. This gives very satisfactory results. 
The separating of dore bullion, which is carried on in some refining 
works, must be considered as belonging to an entirely separate depart-
ment and will not be more than mentioned here. 
Treatment of by-products.-This is a very important part of the refin-
ing work. It requires to be carried on simultaneously with the main 
operations, so that the by-products may be disposed of at once and not 
allowed to accumulate. The blast furnace was formerly exclusively 
used in this department, but the reverberatory furnace has been found 
to be a valuable auxiliary. If ore smelting is done at the refining works 
the resulting slag will readily take up the zinc of the by-products. 
When no ore is smelted the same slag has to be used over and over and 
becomes so charged with zinc that it is apt to give trouble by clogging 
up the furnace and cause losses in silver and lead. 
Softeningj'urnace dross and trimmings.-These are now usually first 
liquated in the reverberatory furnace with the aid of a reducing flame, 
that as much lead as possible may he extracted. The furnace has two 
tapholes, the lower one for the bullion and the upper for the skimmings . 
.After the dross is Iiquated it is raked out through the furnace door . 
. The liquated skimmings are tapped either into a pot or on to an iron 
plate. The latter way is preferable. The liquated dross is smelted in 
t he blast furnace with some sulphur-bearing body (galena, etc.) to form 
a matte, which is then concentrated to about 40 per cent. of copper, 
when it is ready for shipping. The liquated skimmings are low enough 
in silver (1 or 2 ounces to the ton) to be smelted in the blast furnace 
(usually a separate small furnace). The ensuing hard lead is sold as 
such after having been poled at a low temperature in a kettle for sev-
eral hours. Another way is to smelt the skimmings directly in the 
blast furnace and make a hard bullion. This is charged into the soften-
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ing furnace with soft lead poor in silver (say Missouri lead), the silver 
in tlie originai hard bullion being thereby reduced and the softening 
al o facilitated. These softening skimmings are then smelted into 
marketable hard lead. This last runs higher in silver than that ob-
tained from the other process, which runs about 2 ounces per ton. 
Kettle dross.-The impurities contained in this dross are about the 
ame as those of the furnace dross and skimmings. It is therefore usu-
ally put back into the softening furnace with the next charge, this being 
the most convenient way to dispose of it. 
Refining skimmings and polings (if any) are worked best in a separate 
reverberatory furnace. Their principal contents being lead they are 
mixed with coal and the ensuing lead is worked into the next charge of 
the refining furnace or sold as a second-class lead. The residue, which 
contaim1 lead, zinc, some antimony, and coal ash, is added to the smelt-
ing charge of liquated softening skimmings. The old way of smelting 
the original softening skimmings with refining skimmings and polings 
to reduce the silver contents has been abandoned, as has also that of' 
putting the refining skimmings into the softening furnace, after the 
dross had been removed, with the idea that the antimony and the 
arsenic of the bullion to be softened would take the necessary lead 
from the skimmings and not from the bullion. 
Retort dross and blue powder are Yery disagreeable by-productis. The 
former is sure to carry off valuable silver, and the latter is very refrac-
tory, and has given ri e to va,rious modes of treatment. One of these 
i to mix the blue powder into the first ziuc addition for the gold crust. 
This utilizes the metallic zinc in the powder and prevents the silver 
from being lo t. Another way is to add it to the charge of the softening 
furnace, where the metallic zinc i burned off, the oxide being slagged 
off with the softening skimmings. It can also be worked off gradually 
with th charge in the blast furnace. This blue powder is the bete noi'r 
of the refin ry, and ought not to appear in any considerable quantity 
if the r tortin(Y i pr perly done. The retort dros is usually worked 
off in the cupelling furnace, sometime , in the bla t furnace . 
.Litharge.-Tbis i reduced either in the bla t furnace or in the rever-
eratory furnace, the latter being preferable unle s the works carry on 
ore m lting. In thi ca e the litharge i a<lded to the ore charge. 
Old retorts, cupel bottoms, etc., go into the bla tfurnace and are worked 
off with it product . 
It will b e n from tli for going ketch that the recent improvement 
in d ilv rizi g ba e nlli n have been rather in the line of practical 
d ptation an l thew rking out of d tail than in that of original cien-
tific inv ntion. The pr c · r main to-day ·ub tantially the am tha 
... Ir. rk ' pat nt din 1 "" and 1 52, but it, actual commercial Yalu 
ha T ' tly in ·r a · . To il_lu trat tlii , , e hav uly to c mpar tlle 
r ult. f f rm r y r with tho · of t -<lay, wh n lar ·e u ntiti' f 
bulli n r cl ilv riz <1 with a imple appt rn.tu · mparatiY ly 
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little manipulation, and a greatly reduced corps of men. Formerly it was 
considered necessary that each separate part of the apparatus should 
have one or two men to watch it, while now with contract work we have 
a plant for 25 net tons (softening, desilverizing, refining, and m<;>lding 
the lead ready for shipment), managed in twelve-hour shifts by a crew 
of three men, and a plant of 40 net tons by a crew of four. This improved 
distribution of work and general economizing of resources has been 
rendered possible by the help of the various new appliances and the 
methods described above. Many of these appear insignificant when 
tak_en singly, but each has its own special importance, and taken 




THE ZINC .INDUSTRY OE' THE UNITED STA'.rES. 
BY C. KIRCHHOFF, JR. 
The conditions affecting· the zinc industry of the United States have 
not undergone any marked changes during the years 1883 and 1884. 
The circumstances influencing the producers of the East and the West 
are entirely unlike. In the West the new works built during 1881 
and 1882 in Kansas and Missouri have sharply competed for ore on 
the one hand and have forced metal on the market on the other band. 
The home producers have again obtained fun control of the domestic 
market, the imports having dwindled down to insignificant figures. In 
-=Pite of this, the supply bas been too large as compared with a consid-
erable falling off in the consumption. Taking into consideration the 
fact that in 1883 the imports were still large and the market was forced 
to absorb old stocks of imported metal, it is likely that in spite of the 
increase in the output in J 884, small as it was, the supply of spelter in 
that year was really smaller by about 2,000 to 3,000 tons. In the West 
strikes in the coal mines, :flooding of zinc ore mines, and other troubles 
have contributed to embarass producers. On the whole the years 1883 
and 1884 have weighed heavily on the industry. 
No efforts have been made to extend the scope of inquiry, in view of 
the fact that the bare collection of the statistics needed improvement. 
The work has met with much more encouragement, but the returns are 
not yet so complete as to render some estimates unnecessary. The lat-
ter, however, affect only a few small southern works, the product of 
which could be got at independently with a close approximation to the 
correct figures. EvAry large concern in the eastern and western States 
has furnished the needed details, and the statistics submitted are at 
most 200 or 300 tons out of the way. 
PRODUCTION. 
The record of the production of spelter and zinc in the United States 
are very incomplete. The following figures are the only ones worthy 
of con ideration which are available: 
Production of Bpelter in the United States. 
Years. Short tons. I Years. 
1873 ..... ...... •.......... ·····•·· ····· 
1875 ..... ······ ..................... . 
1880 {C8ll8ll8 year ending Ma.y Bl) .... . 
7, 348 1 1882 . ......•••........••.•..•......... 
15, 838 1883 ...•... •••..•.•••..•.••.•...••••. 







Zinc statistics are sometimes stated in pounds. For 1883 and 1884, 
the :figures would be 73,744,000 and 77,088,000 pounds respectively. 
The production during the last five years may be segregated as follows, 
by States: 
Production of spelter in the United States, 1881 to 1884, incl·usive, by States. 
States. 1881. 1882. 1883. 1884. 
Short tons. Short tons. Short tons. Short tons. 
Tilinois ........••...•••......•.•...••••.......... -... 16,250 18,201 16,792 17,594 
Kansas .............................................. 5,000 7,366 9,010 7,859 
Missouri .............................•..•....•...... 2,750 2,500 5,730 5,230 
Eastern and Southern States .•...................•.. (1) 5,698 5,340 7,861 
Total .......................................... (1) 33,765 36,872 38,544 
In addition to the output of metallic zinc there has been a considera-
ble production of zinc white (oxide), made directly from the ore. 
OAP.&OITY OF THE ZINC WORKS. 
The following table gives the capacity of all the western zinc works 
and of some of those in the East. In many instances the number of re-
torts has been appended, but it should be distinctly stated that owing 
to the wide variations in their size and in their position in furnaces 
of different design they do not furnish any b?,sis for a computation of 
capacity. Some of the works have not been running for some time; 
others are and have been running only at one.half or three-quarter capa-
-0ity at times. 
Annual capacity of the western and some of the eastern zinc works. 
Works. .Tune, 1883. December, 1884. 
ILLINOIS, Tons. Tons. 
Collinsville and Lumaghi Zino Works, 0. F. Meister & Co., Collinsville (4 
Belgian furnaces, 330 retorts) ... .........................................•.. 800 1,000 
Illinois Zinc Company, Peru (3 gas, 10 Be~an furnaces, 1,788 retorts) ...••.. 7,200 8,000 
Mathiessen & Hegeler Zinc Company, La alle (4 double gas furnaces, about 
3,200 retorts) ....... ... ...........................................•......... 12,500 ]3, 000 
20,500 22,000 
MISSOURI, 
Missouri Zinc Company, Carondelet (14 Bel~ian furnaces) (a) .••..••••••••••• 4,000 4,000 
Glendale Zinc Company, Carondelet (8 Belgian furnaces) ....•.•.............. 3,000 3,000 
Carondelet Zinc Compani, Carondelet ( 4 Belgian furnaces) .........••........ 1,000 1,000 
Southwestern Lead and inc Company, Rich Hill (1 Belgian furnace, 1 Sie. 
mens furnace) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............••..... 2,250 2,250 
West .Toplin Lead and Zinc Company, .Toplin (6 Belgian furnaces) .....•...•. 2,250. 2,250 
12,500 12,500 
KANSAS. 
J. H. C. Grose, We~ City (8 Belie,an furnaces, 896 retorts) ..........•••.••... 3,500 3,500 
R. Lan yon & Co., P1ttsbnrih (8 el~an furnaces, 784 retorts) ....•........... 3,500 3,500 
S. H. Lanyon & Bro., Pitts urgh (4 el~ian furnaces, 392 retorts) ....•....... 1,500 1,500 
M. & .T. Lanyon, Pittsburgh (2 Belgian furnaces) .. .................... .. .... 750 750 
Granby Manufacturing and Smeltmg Company, Pittsburgh (1 Siemens fur. 
nace, 400 retorts) ........................................................... 1,250 1,250 
10,500 10,500 
a Not runmng. 
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Annual capacity of the western and some of the eastern zinc works-Continued. 
Works. 
ARKANSAS. Tona. Tons. · 
American Zinc Company, White River (4 Belgian furnaces) (a).............. 1,000 
1====1==== 
Total capacity ....... . . . ........ .......... . ......... .. ...• ~... . . . . . . . . . . . . 44, 500 
EASTERN. 
Bs1%e~!~~:) ~i~~ -~ ~~~~-~~ '. _ ~~r~~~- !~~~'. ~ ~~. ~-e_r_s_e!. ~~ ~~1-~~~~ -~~~~~~~'. .•• _ •••.••••• 
New .Terse~, Zinc and Iron Company (7 Belgian furnaces, 416 retorts) .......... ..••....... 
Lehigh Zinc and Iron Company, Bethlehem, Pennsylvania (16 Belgian fur-
naces, ],,200 retorts) .... .. .. . .................... . .... ........... ...... ................ . 




The former Excelsior Concentrating and Smelting Works, at Collins-
ville, were leased by the Collinsville and Lumaghi Zinc Works (Messrs. 
0. F. Meister & Co.), May 1, 1884, and the Carondelet Zinc Works have 
been leased by Mr. Edgar, of the Glendale Zinc Company. · 
An effort has been made to ascertain the quantity of ore used for the 
making of the spelter reported. Such an inquiry would shed much 
light on the conditions affecting the zinc industry in different parts of 
the country. The returns, however, have been far from being complete. 
Seven works, East and West, which in the aggregate made 17,127 tons 
of spelter, report a consumption of ore of 46,870 tons. 
Concerning the ore production in southwest Missouri and southwest-
ern Kansas the following data have been collected by good authority. 
The output of the region was the heaviest in its history, aggregating 
· 74,250 ton , the bulk of which was mined in Jasper and Newton coun-
ties, Missouri, and in Cherokee county, Kansas. Of this quantity 67,250 
tons was blende and 7,000 tons silicate ore. The zinc works of Caron-
delet, Rich Hill, and Joplin took 14,550 tons; La Salle, Peru, and 
Collin ville, 36,500 ton ; and Pittsburgh aud Weir City, 23,200 tons. 
Another authority report the output of the Cherokee county (Kansas) 
di trict at 32,987 tons of ore, placing the average price at $15 per ton 
for the whole of the year 1884. It i tated in a general way, concern-
ing th mines of southwe tern Missouri and of southeastern Kansas, 
that the outlook for an increased production during the current year 
(18 5) i a good one. Promi ing discoveries of deposit5 of zinc ore have 
b en made in Central Mi souri, along the Kansas City, Springfield and 
liemphis railroad, and in the northern counties of Arkansas, border-
ing on the Mi ouri line. 
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IMPORTS AND EXPORTS. 
Zino imported and entered for consumption in the United States, 1867 to 1884 inolusive. 
Blocks or pigs. Sheets. Value of Total Fiscal years ending June 30- manufact- value. 
Quantity. Value. Quantity. Value. urea. 
---- ----
1867 . .. : ............•................ 
Pounds. Pounds. 
5,752,611 $256,366 5,142,417 $311,767 $1,835 $569,968 
1868 ..................•......•....... 9,327,968 417,273 3,557,448 203,883 1,623 622,779 
1869 ................................. 13, :!ll, 575 590,332 8,306,723 478,646 2,083 1,071,061 
1870 ................................. 9,221,121 415,497 9,542,687 509,860 21,696 947,053 
1871. ................................ 11,159,040 508,355 7,646,821 409,243 26,366 943,964 
1872 ................................. 11,802,247 522,524 10,704,944 593,885 58,668 1,175,077 
1873 ................................. 6,339,897 331,399 11,122,143 715,706 56,813 1,103,918 
1874 ................................. 3,593,570 203,479 6,016,835 424,504 48,304 676,287 
1875 ................................. 2,034,252 101,766, 7,320,713 444,539 26,330 5i2, 635 
1876 ...••.. ··•·•••·••••·•·••··• ...... 947,322 56,082 4,611,360 298,308 18,427 372,817 
1877 ..••••••••••• ••••••·•••·••·•••••· 1,266,894 63,250 1,341,333 81,815 2,496 147,561 
1878 ................................. 1,270,184. 57, 753 1,255,620 69,381 4,892 132,026 
1879 ................................. 1,419,791 53,294 1,111,225 53,050 3,374 109,718 
1880 ................................. 8,092,620 371,920 4,069,310 210,230 3,571 585,721 
1881. ................................ 2,859,216 125,457 2,727,324 129,158 7,603 262,218 
1882 ....••.••••••.•••••.•...•••..•••. 18,408,891 736,964 4,413,042 207,032 4,940 948,936 
1883 ................................. 17,067, 21] 655,503 3,309,239 141,823 5,606 802,932 
1884 ................................. 5,869,738 208,852 952,253 36,120 4,795 249,767 
Calamine imported and entered for consumption in tke United States, 1872 to 1884 
inclusive. 
Fiscal years ending June 30-
1872 ............... ...................... . . 
1873 ...................................... . 





Fiscal years ending June 30-
1882 . ...... ... .......................... .. 
1883 ......... ............................ . 





Exports of zino and•zino ore of domestic production, 1864 to 1884 inclusive. 
Fiscal years ending June 30-
Plates, sheets, pigs, 
or bars. Value of Total 
1--------1·------- mt!~~~C· value. 
Ore or oxide. 
Quantity. Val~e. Quantity. Value. 
Owts. 
1864............................ .. • • . • • • • • . 14, 810 
1865 . . .. . . • • • . .. • • .. .. • . .. .. • • . . . • . . . . . . . . . 99, 371 
1866....................................... 4,485 
Hit:::::::::::::::~:::::::::::::::::::::: ___ . ;:_ ;~;-
1870....... . .. • . .. . • .. • .. • . • . .. .. .. .. • .. • .. 15, 286 
m~:::: :: ::::::::::::: ::::::::::::: :: : : : : : ~: ~~~ 
1873....................................... 234 



















































































161,300 ...... i68. 149, 378 
138,374 
734 82,490 
4, 666 30, 927 
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PRIOES OF ZINO. 
The following table summarizes the prices of spelter since 1875 ~ 
Prices of common western spelter in New York City, 1875 to 1884 inclusive. 
[Cents per pound. Figures in parentheses are combination prices.] 
I January. February. March. April. May. June. 
Years. 
iE ~ iE ~ iE ~ iE H iE ~ ~ j 1111 111 11 l l;oi 111 111 
---------1-- ---- ------ --
1875 •••••••••••••••••••••. 6. 75 6.37 6. 67 6.25 6. 50 6. 20 (7. 00) 6. 50 (7. 25) 7.15 (i. 25) 7.15 
1876 .•••••••••••••••••..•. (7. ,60) 7.40 (7. 75) 7.50 (7. 75) 7. 62 (8.00) 7. 60 (8. 00) 7. 75 (8.00) 7. 25 
1877 .••••••••••••••••••••. 6.50 6. 25 6.62 6. 60 6. 50 6. 87 6.37 6.25 6. 25 6. 00 6.12 5.87 
18'8 .••.•.•••.•••••••••••. 5. 75 5. 60 6.62 5. 25 5. 62 5.25 5. 25 6. 00 5. 00 4.62 4.62 4. 25 
1879 .••••.••••••••• .••• ••. 4. 50 4.25 4.62 4.40 4. 62 4. 87 4. 75 4. 26 4. 50 4. 25 4.37 4.12 
1880 .•••••••••••.••••••••. 6.50 5.87 6. 75 6. 37 6. 75 6.50 6. 50 6.12 6. 00 5. 62 5.50 5.12 
1881. •••••.••••.••••••.••. 5.25 4. 87 5. 25 5.12 5. 00 4. 87 5.12 4. 75 5. 00 4. 87 5. 00 4. 75 
1882 .••••.••••.•.••••..••. 6. 00 5. 75 5. 75 5. 62 6. 62 5. 37 5. 50 5. 25 5.6-2 5. 25 5. 37 5.25 
1883 .•••••.••.•••••.••••.. 4. 62 4. 50 4.62 4. 50 4. 75 1 4. 62 4. 75 4. 60 4. 75 , 4. 50 4.62 4.37 
1884 •••••••••.•••••••••••. 4.87 4. 20 4.40 4. 25 I 4. 60 4. 40 4. 65 4. 50 4. 60 4. 45 4. 60 I 4.45 
July. August. September. October. November. December. 











Cl) rn Cl) rn rn Cl) rn QJ rn Cl) Cl) Cl) Cl) Cl) Cl) QJ 
,,d 
~ 'fo ~ ,,d t ~ t ~ ~ ~ ~ bO b.11 iE ~ iE ~ iE iE iE 0 iE 0 H H H H --
1875 .••.•.•.•.•..•..•••••. (7.85) 7. 25 (7. 25) 7.10 1(7. 25) 7.10 (7.40) 7.15 (7. 40) 7.15 (7.40) 7.15 
1876 . ••••.•••.. • •..••..... 7. 25 7.12 7. 26 7. 00 7. 12 6. 80 6. 75 6.62 6. 62 6. 37 6. 50 6. 37 
1877 •••...•..••.....•••••. 5.87 5. 62 5. 90 5.80 5.87 5. 75 5. 90 6.70 6. 87 5. 62 5. 76 5. 50 
1878 .•.•...•••...•••••.••. 4. 75 4. 50 4. 87 4. 50 4.87 4. 75 4. 62 4. 50 4. 75 4. 50 4. 37 4.25 
1879 .. ...••..•...••.•••••. 4. 75 4.37 5. 62 4. 80 6. 00 5.62 6. 37 6. 00 6. 25 5. 87 6. 25 6. 00 
1880 .• •...• . •••..•..•••••. 6.00 4. 87 5. 25 4. 87 5. 12 4. 75 5. 00 4. 87 4.90 4. 65 4. 75 4. 65 
1881. .•...•..••.....•••••. 
,. 00 1 • · 75 
5. 12 5. 00 5. 25 5. 00 5. 37 6. 25 5. 87 5. 50 6. 00 5. 87 
1882 .••. .•• . •••..•..•••••. 6. 87 5.12 5. 50 5.12 5.37 5.12 5.37 5.12 6.12 4.87 4. 87 4.50 
1888 .••.•••..••..••..•••• ·. 4. 50 4. 30 4. 40 4. 80 4. 60 4. 40 4. 45 4. 85 4.40 4. 87 4. 37 4.i!5 
1884 . •...•••••.••...•. .• .. 4. 65 4. 45 4. 62 4. 52 4. 62 4. 50 4. 55 4.40 4. 40 4.80 4.25 4.00 
THE MARKETS IN 1883 AND 1884. 
1883.-Values fluctuated within the following range during the year 
1883: 
Price of spelter in 1883. 
Months. 
[Cents per pound.] 
- ,--1, 
Highest. Lowest. Months. Highest. Lowest. 
---11-----i--
~~~:::::::::::::::::::: Hi H~ i!~t~ii:::::::::::::::::: :Jg 
~ril . . . . .. . . . . . . . . . . . . . . . . . 4. 75 1 4. 50 October . . . . . . . . . . . . . . . . . . . . 4. 45 







Tb leading feature of the markets during the first half of 1883 was 
th b avy falling off in the demand, which caused an early ce ation of 
th import tion of foreign spelter, and again gave complete control of 
t m rket t home pr ducer . The trade bowed a light recovery 
dnring th pring, but ub equ ntly relap ed into great dullne which 
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continued in July and August, and led :finally to the selling off of lots 
of foreign spelter below the cost of importation, which had been still 
lingering over the market. Some of the western producers in August 
showed a disposition to hold off for better :figures, but the steady 
selling on the part of the weaker concerns, and on the part of new 
works trying to introduce their metal, effectually counteracted this tend· 
ency. In September the flooding of some of the Joplin mines, making 
ores dearer, produced a firmer feeling, and the metal remained steady, 
but very quiet, during September and the greater part of October. 
Toward the close of that month there were symptoms of weakness, and 
there being no improvement in the demand in November, forced sales 
became more numerous and established a lower level, from which the 
met3/l did not recover during the balance of the year, showing, on the 
contrary, a disposition to fall off further. 
1884.-During the year 1884 the monthly range of prices was as 
follows: 
:Months. 
5~~: :: : :: : : : ::: : : :::: ::: 
.April .....•••.•.•• . ••••.•.••. 
~~ :::::: ::::::::::::::::::: 
Price of Bpelter in 1884. 
[Cents per ponnd.] 







4.20 July ...................••... 
4. 25 August ..........•.......... 
4. 40 September .......•.....•.... 
4. 60 October .................... . 
4.45 November ............•••.... 














January and February were dull months, and it was only toward the 
close of the latter that the first symptoms of an improved feeling ap-
peared. It gained in strength in March, and the trade, galvanizers, and 
brass manufacturers bought fair quantities, their purchases clearing 
away the stock and giving values a hardening tendency. A meeting of 
zinc makers was held in the West to discuss the situation, but they did 
not reach any definite conclusions as to the best means of harmonious 
action. Similar meetings in April led to no result, and the market, 
which had during that month been fairly firm in spite of a small volume 
of business, began to weaken more and more. A slight recovery took 
place early in May, but light buying again led to pressure to sell, and 
June again witnessed lower prices without stimulating the demand. 
The market dragged along in July, occasional forced sales at conces-
sions revealing clearly how poorly balanced were demand and supply. 
Under the pressure of such an unsatisfactory state of affairs the spelter 
makers of the Southwest forme4 an association, appointed a joint selling 
agent, and made an allotment of percentages, arranging sales, terms, etc., 
at weekly meetings. The life of this association, like that of many of 
its predecessors in the spelter trade, was a short one, owing to causes 
which it is not necessary to enter into. The association fixed the 
price at 4-g- cents; but there were always during its brief career outside 
lots on the market at lower figures, and some foreign spelter which had 
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been held for a long time was also disposed of. The market remained 
quiet and dull in August and September, and when in October the asso-
ciation dissolved the majority of its members found themselves with 
stocks on their hands, and the metal weakened steadily during that 
month and during November. Early in December offerings from the 
vY est were freely made at 4¼ cents, followed by sales as low as 4 cents, 
the demoralization continuing till the close of the year. The metal has 
since recovered, stocks being absorbed and the demand being on a 
slightly more liberal scale. 
THE PRINCIPAL FOREIGN PRODUOERS. 
Total produotion.-Although our own markets have, during the past 
two years, been so low that comparatively little spelter has been im-
ported from foreign countries, the conditions affecting the zinc industry 
abroad deserve close study on the part of American producers. Any 
sudden improvement in the demand, which the past has taught them 
may come, will bring them into direct competition with European rivals. 
The production pf spelter in the world in 1882 and 1883, compiled 
from the best sources available, was as follows: 
The world'B production of Bpelter. 
Countries. 
i;ric~~~:: :: ~:::::::: ::: ~: ~ 
:;:!~~. : : : : : _.::::::::::::: 
Austria .•................... 
~i~!~:. :::::: ::::::: :::::: 
United States .............. . 



























b Esti~ated by H enry Merton & Co., London. 
cEqu1valentto 36,872 short tons. 
Total oonswmption.-From the data available concerning the produc-
tion, the imports, and the exports of a number of countries, the follow-
ing approximate statement of the consumption of the different countries 
ha been estimated : 
The Bpelter conBuniption of the leading oou,ntrieB in 1883. 
Countries. !Metric tons. 
------------1 
England ................. . ........ : . . . . . . . . . . 79, 000 
English eXJ)orts in brass . . . . . . . . . . . . . . . . . . . . 9, 000 
France . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 48, 000 
i 0r;i~. ·_ ·_ ·_::.:: ·_ ·_::::::::::::::: ~::::::::: ig: ggg 
I itlit\:·:::/:·::!):: ::i;;:: _Jffl 
I Total.. ••••. •••••.•••.•.••••••••••••••. ·I 276,000 I 
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The balance of the output, say 2,000 metric tons, is the small quan-
tity scattered to other countries. The consumption in Great Britain 
appears exceptionally heavy. In reality a very large percentage of the 
amount credited to it is exported as the coating on galvanized iron in 
many forms which England sends to all quarters of the globe. A good 
deal of the metal credited to France is in all likelihood shipped out of 
the country as brass, art castings, etc., for which French shops are fa-
mous. The United States in 1883 was a comparatively heavy consumer 
of spelter, the galvanizing and brass trades being then in a fair condi-
tion. As compared with other countries it is certainly still disappoint-
ingly small. The low price of copper will, however, probably stimulate 
the consumption of brass for a variety of purposes and thus prove an 
aid to the spelter industry of the United States. . · 
Germany.-The production of spelter in Germany is shown by the fol· 
lowing table, giving the output of the three great districts, Silesia, the 
Rhenish provinces, and Westphalia : 
Production of spelter in Ge1·many. 
Years. Silesia. Rhenish West-provinces. phalia. Total. 
Metric tons. Metric tom. Metric tom. Metri,e tons. 
1878...... .••••• .••.••••.••• .•••. .•.•••.. .•. . ••. .•.. •. 59,710 19,887 15,631 95,228 
1879... . . • . • • • • • . . • . • • • . . • • . . • • • • • • . . • • . . . . . . • . . . • • • • • 63, 413 18, 942 14, 066 96, 421 
1880...... . . • . • • . . • . . • • . . . . . • • • • • • • . . • . . . . . • • . . . . . . . • . 65, 798 19, 606 14, 362 99, 766 
1881. .•• •• •••••• .• . •• .• •• . . • • . • • • . • •• . . •• . . . . . . •• .• •• . 67,474 21,034 16,764 105,272 
IB82...... . • • • • • • • • • • • • • • . • • • • . • • . . . • . . • • . . . . . . . • . . . . . 69, 992 24, 6M 20, 700 115, 346 
1883............................................ .. . . . . 71, 468 24, 471 20, 749 116, 688 
The total production of ore in Prussia in 1882 and 1883 was as fol-
lows: 
Production of zinc ore in Prussia. 
-
Years. I Calamino. Blende. Average Total. value per 
metric ton. 
188> .................... . ............................. JM~.~ Metric tons. Metric tom. MarkB. 212,754 693,369 17.10 
1888,,,••••••••••••••••• ••o••••• • ••• •••••••••'•••••••• 457,979 218,817 676,796 13. 09 
In Silesia the majority of the zinc works are owned by individuals, 
whose business results are of course not made public. The largest 
single concern, however, is a stock company, the Schlesische Actien-
Gesellschaft itlr Bergbau. und Zinkhiittenbetrieb, which in 1883 pro-
duced 21,487 metric tons of spelter, of which 18,437 tons was used in 
the manufacture of 18,383 tons of sheet zinc. In the same year this 
company made a profit of 1,716,742 marks, and paid 12 per cent. divi-
dends. 
~ M R--31 
• 
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In the Rhenish provinces and Westphalia public companies are-
more numerous, but many of them are producers both of spelt.er and 
argentiferous lead. It is not therefore possible to follow closely the 
effect of varying values of the one metal upon the financial results of 
the operations. .A few data in regard ·to the latter will, however, be of 
interest. Thus the Actien-Gesellschaft fiir Bergbau, Blei- und Riitten-
fabrikation zu Stoll berg und in W estfalen, produced 14,496 tons of' 
spelter, 13,753 tons of lead, and 23,989 kilograms of silver, realizing a, 
net profit of 452,440 marks, enabling it to pay 4 per cent. on preferred 
shares. The Rheinisch-Nassauische Berg- und Hiitten-Gesellschaft pro-
duced 7,672 tons of spelter, 6,512 tons of lead, and 5,953 kilograms of 
silver; and from sales realized 4,914,441 marks, making a net profit of 
155,964 marks, and paying a dividend of 2 per cent. The Bensberg-
Gladbach Bergwerks· und Hiitten Actien-Gesellschaft produced 4,873 
metric tons of spelter and 1,530 tons oflead ore, yielding a profit of 202,220, 
marks, and distributing 6 per cent. dividends. These results are certainly 
not very encouraging when it is considered that they are only reached 
by the most vigilant economy and the exercise of the highest mining 
and metallurgical skill in a country where wages are very low. 
The zinc statistics of Silesia are collected in a most thorough manner 
by the Obersch1esische Berg- und Htittenmannische Verein, for whose 
reports for the years 1882 and 1883 we are indebted to Dr. Robert Dahl-
mann, the secretary. The Silesian mines produced the following quan-
tities of ore during the period from 1878 to 1883, both inclusive: 
Output of zino -mines of Silesia, 187tj to 1883 inclusive. 
Average I Propo,tion 
Years. Calamine. Blende. Total zinc value per .A. verage of wages iD ore. metric wages per total value 
ton. aDDu.m. of product. 
Metric tons. Metric ton, . .illetric tons. MarbJ. Marks. Percent. 
1878 .... .................... . 432,078 57,782 490,460 ·····------ - ---- -------- ·-- ---·· ·-·· 
1879 .. ····•• ···•·•• .. ···••··· 430,043 62,291 492,334 9. 75 373. 00 50. 37 
18 0 .• ••••• ················1 411, 0 6 81,547 493,233 14.05 398. 00 43. 67 1881. .•• .••••• •.• •.••• ..•.•.. 444, 154 99,809 543,903 9. 55 400.12 52. 3(), 
1882 . ..•••. ··•••······· .•••.. 439,077 120,291 559,968 10.62 898. 84 44. 54 1883 . ........................ 430,922 122,799 553,721 7. 93 403. 56 56. 60 
' 
The e figure are particularly intere ting as bowing that the output 
of calamine is holding it own fairly well, while the production of 
blende i quite teadily growing. The value of the ore fluctuates with 
th price of pelt r, while the wages earned by the miner annually 
vary but little. It i trikingly hown how small the latter are, and it 
· to be much regretted that figures for compari on are not available 
for our own country. 
On th manuf cture of pelter in Sile ia th following data are sub-
mitt for th p ri d from 1 78 to 1883, there being at present twenty-
tbr work in operation: 
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Statistics of Silesian zinc rnines. 
Numberof Numberof Numberof 
NuID:ber Number of muffles muffles muffles 
Years. of ordmary gas in ordinary in gas fur• used per an-
furnaces. furnaces. furnaces. naces. num, 
1878 .................. .. ................ . 
1879 ..................... ... ............ . 
1880 ........... .• ... .•.••• ••••.••........ 




















It is evident, therefore, that gas furnaces are growing in favor, and 
that there is a tendency in the direction of their exclusive use. The 
size of the muffles has been considerably increased. 
The following table gives details concerning the consumption of raw 
materials, number of workmen, wages, and production of the spelter 
works: 
Production of the Silesian spelter·works, 1878 to 1883 inclusive. 
Number of employes. Average 
Years. wages per i:i,n-
Male. Female. Total. num. 
1878 . .:' •..•...•••..•••• ·••••··•••·••···••·· ··•·••••·••••·•···•· 
1879 ..•••..•••••.•••••••.••.••••••••••••.••. · · · · · • · · •.. · · · · · · · 
1880 .....•••••••....•....•••.•••••••••••.••....••...........•. 
1881 ......................................................... . 
1882 ......................................................... . 






















Metric tons. Metric tons. Metric tons. Metric tons. Metric tons. 
1878.. . . . .. .. . ... . . . . . . ... . .. 425,875 35,209 9,913 470,997 59,710 
1879...... .... •.. .... .. ... .. . 439,755 45,175 8,173 493,103 63,413 
1880. .••••....... . ...... ..... 485,499 46,146 7,174 538,819 65, 798 
1881...... . . . • • .. . . . . .. . . . .. . 454, 881 5il, 534 9, 688 519, 103 o 67, 474 
1882..................... .. .. 449,078 62,128 10,446 521,652 69,992 

















On the whole, these figures reveal a steady improvement in the quan-
tity of metal produced and in the amount of labor required to turn out a 
given amount of spelter. Wages have been lowered somewhat, while 
the value of the metal has fluctuated within pre.tty wide limits. 
The Silesian zinc mines have always produced some lead ore, in 
steadily diminishing quantity, and the works turn out some lead ,an-
nually, the yield in 1883 having been 358 metric tons. .At the same time 
they produce also some cadmium, the amount in 1882 and 1883 having 
been 3,674 and 2,417 kilograms, valued at 34,537 and 21,536 marks 
respectively. The consumption of fuel, which was 2.7 pounds of coal 
per pound of ore in 1860, has been brought down to 1.53 pounds in 1880, 
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1.37 pounds in 1881, 1.59 pounds in 1882, and 1. 7 4 pounds in 1883. Tlte 
increase in the last few years is due to the increased quantity of slack 
and cinder used, the two now by far predominating over dearer sizes , 
It is probable, therefore, that the fuel cost has in reality diminished 
steadily. In 1882 the zinc works consumed 832,354 tons of coal and in 
1883 918,259 metric tons. In 1882 the works used 15,341 tons of re-
fractory clay, and in 1883 12,844 tons, or 0.22 and 0.18 per ton, respect-
i rnly, during the two years mentioned. · 
On sheet zinc the report states that four works have eight single and 
sernn double trains of rolls, ten smelting and five heating furnaces, driven 
by eleven engines~ having an aggregate power of 1,160 horse power and 
vater power aggregating 330 horse power. The statistics for the period 
from 1878 to 1883 are : 
Production of sheet zinc in Silesia. 
Years. 
Num· Average 
ber of Average Co!ll!lump· Sheet zinc value of 
work- yearly tion of produced. sbeet zinc 
men. wages. spelter. per ton. 
1878 ..•.... ······ ·•••·· .........••.......•...... 
1879 ··•···•···········•··••···············••····· 
1880 •················ ......•.....•............... 
1881 •.••....••••......•• ......•....•............. 














19, 282 18, 824 
19, 805 19, 819 
16, 686 16, 880 
24,509 28,856 
21, 2:io 20, 682 







In 1883 the consumption of coal was 25,432 tons, or slightly over 1 
ton of fuel per ton of. product; though it must be taken into account 
that two mills, running .two double and two single trains, and produc-
ing together in thirty weeks 6,321 tons of sheet zinc, were run with 
water power. The "Silesia" works, running 33.5 weeks, with five single 
and four double trains, with 1~090 horse-power, produced 15,935 tons of 
heet zinc and consumed 23,215 tons of coal. 
In 1883 two oxide works, with 15 furnaces and 66 muffles, employing 
69 persons, consuming 3,235 tons of spelter and 4,335 tons of coal, pro-
d need 3,089 tons of oxide, 17 4 tons of gray oxide, 23 tons of lead, and 
582 tons of residues. 
The production of ore in the Rhenish provinces for a number of years 
i given as follow by the excellent reports of the Verein fiir die Berg-
und Hiittenmanni chen Interessen im Aachener Industrie-Bezirk: 
Production of zinc ore in the Rheni$h provinces. 
Yeara. Blende. Calamine. Total. 
1878 .......... ...... . ............................... .. ..... . 
1879 ....................................................... . 
1880 ... ..... ......... ...................................... . 
i=:::: ::: : :: :::::: :: : : :::: :: :::::: ::: ::: :::::: :::::: :: :::: 
1 ................ . . ..................................... . 
Metric tom. Metric tom. Metri.o tom. 
33,948 15,880 49,828 
31,700 21,804 53,59' 
84,585 19,694 54, 27D 
82,175 16,558 48,783 
sa, 028 18,918 54,946 
35,025 16, 1D7 51,222 
·-.. .. I 
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The proportion of spelter used for the manufacture of sheet zinc is com-
paratively small in the Rhenish provinces. The following table furnishes 
a statement of the total quantity of spelter produced and the quantity 
used 'for rolling metal: 
Production of spelter in the Rhenish provinces and quantity used for rolling. 





Metric tons. Metric tom. 
1878 ... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 887 3, 258 
1879.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . .•... .. . . . . . . . .. . . . . 18, 942 2,783 
1880................. .. .. . . . . . . . . . . . . . . . . . . .•. . . . . . . . . .. . . . . . . . . . . . . 19,606 2,706 
1881 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • • . . . . . . . . . . . . . . . . . . . 21, 034 3, 562 
1882 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . 24, 654 3, 329 









Combining the direct exports of Germany and the exports from the 
free port Ham burg the following figures are reached as to the destina-
tion of the spelter and sheet zinc produced in Germany: 
Exports of spelter from Germany. 
Countries. 1882. 1883. 
Metric tons. Metric tons. 
Russia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 893 1, 737 
Austria....................................................................... 9,258 12,406 
France . . . . . . . . . . . . . .•.•.. .... .. .. . . . . ... . . . .•.. •. . .• . .. . .. . . . . .. . . . . . . . . .. . . . 7,174 8, 124 
i~D!~.-:::::::::::::::::::::::::::.·::::::::::::::::::: :::::: :: : : :::::::::::: ~: !~~ ~: ~~~ 
Great Britain.... ... .. ..... ......... . ............. . ................ ... ........ 21,591 17,661 
United States . . • • . . . . . . • . . . • . . • . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . 6, 285 3, 345 
Other countries.. ................. . ........................................... 1,473 758 
Exports of sheet zinc from German.y. 
Countries. 1882. 1883. , 
Metric tom. Metric tons. 
Denmark . . . . . . . • • • • • . . . . . . . . . . . . . •• . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 413 821 
'f:1J:K:::::::::: :::::: ::: :: : ::::: ::::: :::::: ::::::: :: : :: :: ::::: :: :: : : : : : : : : : : it - ~~: 
Austria....................................................................... 285 353 
Switzerland . . • • . . . . . . . . . . . • . . . . . • . . . . . . . • . • • • . . . • . . . . . . . • . . . • . . • . . . . • . . . . . . . . 580 456 
f 1;11Ui\it\ii/ii\)\W\!i!I\\iii/\i) ,;~~ --- -··::m 
The total exports of Germany to different countries and to Hamburg 
were 56,478 tons of spelter in 1882 and 54,939 tons in 1883, and of sheet 
zinc 14,270 tons in 1882 and 16,505 in 1883. The imports of Holland 
and to some extent those of Great Britain are of course simply in transit 
to many different parts of the world. Still, the above tables furnish 
ome clew to arriving at a conclusion as io which the principal con-
umers of German spelter are, and give an idea to which the two great 
producing regions, Silesia and the Rhenish provinces, send their metal. 
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The Rossian and Austrian markets are almost exclusively supplied from 
the former, which also furnishes almost all of the metal shipped in transit 
via Hamburg, or 19,369 tons of spelter and 6,381 tons of sheet zinc in 
1882, and 22,174 tons of spelter and 2,987 tons of sheet zinc in 1883. 
More than half of the exports to Great Britain, all of those to France 
and Belgium, and nearly all of those via Holland, are the product of the 
Rhenish works. The shipments to the United States stood as follows: 
Shipments of spelter and sheet zinc from Germany to the United States. 
Details. 
Spalter: 
·l~~1!:1b~t~:::::: :~: ::::: ::::::::::::: :: : : :::::::::: ::::: :: : :::::::::: 
Sheet zinc: 
l~'s:r:.er:b«::~~::::::: :: : : : : :: : :: : :::::::::: ::: : : ::: : :: : ::::::: :: : :: ::: : : : 
1882. 1883. 









The official statistics of Bamburg specify that in 1882 70 tons and in 
1883 88 tons, of spelter, and in 1882 224 tons and in 1883 61 tons of 
sheet zinc were sent to the Pacific coast of the United States, the balance 
going to the Atlantic seaboard. How much came to us by way of Hol-
land cannot be ascertained; but the figures given above clearly indicate 
that the Rhenish metal, notably that of the Stolberg works, finds a 
market here for a certain quantity less influenced by speculative high 
prices here than the Silesian spelter, which is first to give way when 
values decline. 
The table given above clearly illustrate also that the consumers of 
pelter are the great industrial nations which have a large iron and 
copp~r industry; while sheet zinc, a finished product, is far inore widely 
di tributed, being taken principally by the building trade. 
Great Britain.-As the following table shows, the production of zinc 
or ha grown steadily for a number of years, the ore mined being 
almost exclusively blende. The official statistics report the'' amount 
of zinc in the ore," but no effort whatever appears to be made to get 
officially at the amount of metal produced at the zinc works in the ag-
gregate. As wm be noted, Great Britain imports more ore than i 
obtained from its mines, and the actual output of the metal must be 
very much larger than that given. From the official statistics the fol-
lowing table bas been compiled : 
Produoti-On of zinc ore in Great »ritain. 




B, 936 18?7 .•••••••••.••.••.•.•. 
4,966 1878 ·--·-······· ....• •... 
6,191 1879 -----· . .•............ 
4,471 1880 .•.....•••..••.•••••• 
4,470 1881 .••. ····- ..•••••••••. 
6,713 1882 .•••.. .. .....•..••... 

















l.S,603 6, 641 I 1883 ••••.• _ •••••••••••••. 
-----------'------.!..---.!L..------___1..- -------
ZINC. 487 
The only estimate of .the quantity of spelter produced in English 
works which is entitled to acceptance is that made by Messrs. Henry 
Merton & Co., of London, who have published the following figures: 
Proauction of spelter in England. 
Yea.rs. Short tons. Years. Short tons. 
J.880 .••.•••.••• . . . •••.• ···• • · •••.••. ••. 24,640 1882.... •• . • . . .•. . •• .••••• •••••• ... . . . 28,651 
1881.. ••• • • . • . . . .•• • . . •. • • . . •. • • • • •• • . . 27,349 1883...... •• . . . • • • • • .• • ••• .•• • . . •••••• 30,980 
How largely Great Britain is dependent upon other countries for its 
.supply of crude and manufactured zinc is clearly apparent from the 
following table : 
Imports of zinc into Great Britain. 




1860 ..•. . •.. . .• . •• •• .. 





















1870 ·• •··••··•··•··••· 
1875 ..••••.•••.... • .•• 
1876 ..••••.•• •• ..•• ••• 










42,001 I 40,792 
47,647 
According to the Board of Trade the imports of zinc ore, crude zinc, 
.and zinc manufactures were as follows : 
Details of zinc imports into Great Britain in 1883. 
Mann· 
Countries. Ore. Crude zinc. factured 
zinc. 
Long tom. 
~!i~: ::: :: ::::::: :~:====:::: :::::: :::::::::===:=: = =: = == = = :: ==: 15, m 
'!{~:::::: :: : :::::: ::::: ::::::: ::::::: ::: : :: :::::::::::::: :: : : : : 10, ~~g 
~~~~1-;;s1a :: : : ::: : : : ::: :: ::::: :::::: :: :::: :: :::::: ::: :: : : : : : : : : : 16, ooi 
United States.... . ......................................... . ..... 694 
-~~:: ~o;;~i~i;; :: :::::: :::::: :::::: :::::: :::::::::::: :::::: :::::: 1, 6t; 
Long tons. Long wna. 
···· · ia,"2os · · ••• • • ·4,·211 
846 536 
13, 234 7, 984 
13,203 7,534 




Total. .. . ..... . ..... . ......................•...•.....•...•.. 45,885 40,792 20,369 
The exports of zinc in all forms from Great Britain in 1883, except-
iug ore, were 7,107 long tons of British zinc and 4,089 long tons of for-
·eign zinc, a total of 11,196 tons, of which 1,444 tons went to Belgium 
and 6,291 tons to the British East Indies, which, therefore, are the best 
customers of England. The apparent home consumption of spelter was 
therefore 86,931 short tons of spelter. It must however be noted that 
.about 10,000 tons per annum of spelter is exported in the brass and 
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yellow metal sent to foreign countries, and a heavy additional amount 
in the form of galvanized iron, leaving the home consumption roughly 
at about 70,000 tons of spelter and sheet zinc. 
France.-The spelter industry of France is based almost entirely upon 
imported ores. Out of the 41,000 tons of blende and calamine worked 
in 1882 only 6,000 tons were produced by mines in France. More than 
one-half of the 18,525 tons of zinc produced were made at the Auby-lez-
Douai (Nord) works of the Compagnie Royale Asturienne, which treats. 
exclusively Spanish ores from its own mines. The Vieille Montagne-
Company has works at Viviez (A.veyron), and it too relies upon imported 
raw material. The Compagnie des Zincs Frarigais at Bousquet d'Ore 
(Herault) works ore from tbe Gard department. France is, however,. 
a heavy consumer of spelter, It imported in 1882 34,167 metric tons, 
exported 4,551 tons, and ·produced 18,525 tons, thus making its appar-
ent home consumption 48,141 metric tons. 
Belgium.-M. Em. Harze, in his' official report, gives the following 
data concerning the production of the Belgian mines and the output of 
the Belgian zinc works : 
Production of the Belgian 'ntines and .zinc works. 
Years. Blende. Calamine. Spelter. Sheet zinc·. 
Metric tons. Metric tons. Metric tons. Metric tons. i:i······ ................ · · .... · · · .... · ...... · · · .. · .. 15,783 41,316 45, 754 .... ... .... . 
872 .... • · · · · · · · · • • · · • · • · · • • • • · · • · • • · • · • • • • · · • • • • • -- - . 19, 970 41, 159 45, 623 ..... .•. . . .. 
i878:::::: :::::: :::::: :::::: ::::::: ::: :: ::: : :: :::::::: i~; g~~ g~: ~~i !U~! ::: : :: : :: ::: 
rn~L:::::::::::::::: :: :::: :::::: :::::: :::::: ::: ::: :: ii: ~~i ~g~ !i: g~~ ~~: ~~: 
1876. - - . . . . • •. . .. . . . . . . . . . • . . .. . . . . . . . . • . .••.......... 21,739 15,974 47,981 22,388 
II/(HHH\HHHHHU/ l!i It~~ i\i I!~ 
The upplie from home mines, it will be noticed, have declined 
heavily in the face of a con tant increase of the production of metal. 
M. Harze gives the following details in his report for 1882 and 1883: 





















M. Ch. Hamal, in his report on the mining and metallurgical indus-
tries of the province of Liege, in which the entire Belgian zinc industry 
is centered, states that in 1883 the ores worked in Belgian zinc works 
were obtained from the following sources : 
Sources of ore treated in Belgian zinc works in 1883. 
Countries. Metric tons. Countries. Metric tons. , 
::~rn~~::::::: :::::::::::: :. : : : : : : : : 
Italy and Sardinia ............ ..... . 
Greece ..... •................... .... 
Sweden ..... _ ..... _ ..... .... .. _ .... . 
t!:c~n!.::::::::::::::::::::::::::: 
~~: ~~~ i~i~::::::::::::::::: :::::::::::: l, ~g 
51, 227 England . . • . . . . . . . . . . . . . . . . . . . . . . . . 740 
28, 903 · Other countries ...... . . . . . . . . . . . . . 280 
14,043 1----
9, 772 Total . . • • • . . . . . . . . . . . . . . . . . . . . 190, 788 
5,860 
The production of sheet zinc, as will be noted from the above table, 
has not during the past ten years ' kept pace with the increase in the 
make of the metal, the percentage of the total make rolled dropping 
from 45.5 per cent. in 187 4 to 36.5 per cent. in 1883. In the latter year 
there were 10 works with 28 trains of rolls, requiring 1,009 horse power, 
employing 399 hands, to whom average daily wages of 3.62 francs were 
paid, using 13,084 tons of coal, and employing 29,020 tons of spelter 
and 279 tons of old and scrap, or 39 per cent. of the raw material pro-
duced. The average price realized was 452.48 francs as compared with 
363.11 francs per metric ton for spelter. 
In 1882 the exports, imports, production, and apparent home con-
sumption of spelter in Belgium were as follows : 
Details. . 
Production ...•...•.•.•........... _ ..... _.... . _. 
1~~~: _· _- _- _- _- _- _. _- .- _. _. _-: _.:: _. _-::::: _.:: _. _. .- _. _- .- .- .-.-.-. : : : : 
Home consumption ............ _ . . _ .. __ .. _ ..... . 





The largest single producer of zinc in the world is the Vieille Mon-
tagne company, whose financial results are, therefore, of special inter-
est. In its fiscal year 1883 the six reduction works of the company 
turned out 50,015 tons of spelter and produced 44,188 tons of sheet 
zinc and 5,858 tons of oxide. On this enormous business the gross 
profit was $644,809, from which general expenses, interest on loans, and 
applications to sinking and reserve funds, the latter item being $153,854, 
were paid, leaving a net profit of $343~098. 
Spain.-Spain has steadily declined in impo~tance as a source of zinc 
ore for Belgian, German, and English works, and from all present ap-
pearances this tendency will not be checked. The most important 
mines are in t-he province of Santander, where the Societe Royale .As-
turienne has the most productive deposit, that of Reocin. The mine 
is only workecl to the extent of the requirements of the two reduction 
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works of the company at Aviles (Spain) and Dunkerquc (Frauce), pro-
ducing about 24,000 tons of calcined calamine at a cost, free on board 
in port, Spain, of 58 francs per metric ton for ore averaging about 50 
per cent. The ores of the Picos de Europa district are more inaccessi. 
b1e but very rich, and constitute the second important group of mines. 
Other deposits in this and other Spanish provinces are either partially 
or entirely exhausted or are unfavorably located, so that their yield 
does not in the aggregate amount to a heavy figure. According to offi-
cial statistics, which are said, however~ to undervalue the product, the 
output of the Spanish mines has been as follows during the past decade: 
Years. 
1870 .••••..•..•. . •.••. 
1873 ···•·• ..•••.•••..• 
1875 ...... .•••. ••..... 
1877 .••••• ·•••·• ....•. 
1878 .......•.•. ..• •... 











Years. Production. !!fa::.t 
Metric tons. 
1879 . • • • • • . . . • . . . . . . . 60, 980 
1880 . • . . . . . . . . . . . . . • . 50, 521 
1881 . . . . . . . • . . . . . . . . . 42, 911 
1882 . ... ...•........... .....••.... 





The Societe Royale Asturienne operates the only zinc works and roll-
ing mills in Spain, located at Arnao, near Aviles, in the province of 
A turias, near a small coal field. The output was as follows : 
· Spanish production and exports of speiter. 
Years. 
1880 ...•.•.•......••.....•.•.. . ............• . ......•....••••.••. ···••········· 
{~:::: :: :::::: :::::: :::::: :::::: :::::: :::::: :::: :: ::::::::::~:: ::: :: ::::: ::: 
1883 .......•••... ..•.• ......••. . ...............•• ... •..•. . ······•• •••··•·· ···· 
Production. Exports. 
Metric tons. Metric tons. 
4,221 ·•···• ·•·•· · 
4. 910 ······ ·••·• · 
5,052 
4,291 1,401 
In 1881 the company produced 2,125 tons of sheet zinc.· 
Out of the 30,161 ton of calamine exported, 19,615 tons went to 
France and 9,920 to Belgium. Besides this 15,395 tons of blende were 
-exported, of which Belgium received 14,829 metric tons . 
.Au tria.-From official data kindly furnished by C. von Ernst, the 
f llowing table of the production of zinc ore and pelter in Austria has 
b en compiled : 
Production of zinc ore and spelter in Austria. 
Years. Zinc ore. Zinc. 
Metric ton,. Metric tom. 
1879...... . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 389 3, 281 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21, 564 3, 756 
iJ:::::: :::::::·:::: :::::::::: :::::::::::::: :::::: :::::: ::::::: :: : : :: : : ::: ::: ~~: ~~~ :: m 
.. · · · • · · • · · · • · · • • • • • • · • • · • • · • • • • • • • · • • · · • • - - - . • . • . . . . • • . . . . . • • • . . • . • . • • • • . 28, 749 4. 539 
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In 1883 the Government mined 28.55 per cent. of the total output 
and produced 34.58 per cent. of the metal. In the same year 2,015 tons 
of oxide were produced. 
The following details of the operations of the Austrian zinc works are 
compiled from the latest official report: 
Operations of the Austrian zino w01·ks in 1883. 
Fnel need. 
Name. Province. Production Oree used. of spelter. 
Lignite, Coal Coke. 
Metric tons. Metric tons. Metric tons. Metric tons. Metric t.om. 
Cilli (government) .......... Styria ..... 1,570 8,102 11,098 968 962 
Sagor (private) .......... ... CariD.thia. 1,187 7,787 ............. 25,857 . --- ... ----·· 
Sierega and Niedzielieka .... Galicia ... 1,541 12,220 ------------ 40,406 868 
The home production of Austria covers only about one-third of its 
actual requirements. 
The exports of spelter from Austria were 972 metric tons in 1883, of 
which 600 tons went to Germany and 320 tons to Italy. Sheet zinc was 
exported to the extent of 896 tons, Germany taking the bulk, 7 4 7 tons. 
The imports of spelter were 12,267 metric tons, which entered free of 
duty. Germany contributed the bulk of it, 12,195 tons. The imports 
of sheet zinc were 349 tons, of' which 340 tons came from Germany. The 
apparent home consumption of Austria is therefore 15,834 metric tons of 
~elter. , 
Hungary.-The latest statistics avai]able cover the year 1882. In that 
year 1,511 tons of zinc ore were mined and 605 tons of spelter made, as 
compared. with 798 and 13 tons respectively in 1879. 
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Present status of the industry.-The quicksilver industry 1s in a de-
pressed condition. The production has . fallen off largely, but this has 
not had the effect of stimulating prices to a great extent,, though just at 
the close of 1884 a slight improvement occurred. The leading causes of 
this depression are the sharp foreign competition in the markets of the 
world and the decrease in the demand for quicksilver in amalgamating 
mills. An important outlet for domestic quicksilver, the manufacture 
of vermilion in China, is apparently closed for the present, the Chinese 
having obtained their supply in 1884 from other sources. For several 
years the few California mines in operation have either been worked 
with a slender margin of profit or at a loss ; and one by one the list of 
producers has dwindled, the survivors being of course the richest and 
best equipped establishments. The New .Almaden was the only one 
which paid a dividend in 1884. It cannot be said that the outlook for 
the immediate future is especially cheering. With many metallic prod-
ucts a cheapening in price means an increase in consumption; as, for 
instance, in the case of copper, which :finds a partial relief in the more. 
exte~ded field caused by the growing use of brass in the arts ; or ,~s 
with Bessemer steel, which is gradually supplanting other formerly 
cheaper material of construction. The quicksilver consumption, on 
the contrary, i very inelastic. Important discoveries of gold and sil-
ver ores suitable for amalgamation would have a favorable effect on the 
quicksilver trade, but it is not likely that the amalgamation method will 
regain its former position in precious-metal metaJlurgy, as compared 
with melting and leaching processes. New utilizations, such as those 
mentioned in a ubsequent paragraph, may, however lighten the mar-
ket. 
Domestic sources.-In addition to the localities enumerated in the pre-
vious report a few doubtful occurrences, lacking confirmation, have been 
reported in the new paper , but it is safe to say that nothing new of 
any importance ha been found. The actual production is exclusively 
from the California min , of which the New Almaden and Guadalupe, 
in Santa Olara county; the New Idria, in Fresno county; the Sulphur 
Bank, Redington, and reat We tern, in Lake county, and the Napa 
nd 1Etna, in pa county, have furnished nearly all of the recent 
npply. In th table of production the yield of a number of the le s 
important mine in pa t year i tat d individually. In 1876 about 
thir y mine wer productive, but only eleven yielded any quick ilver 
iu 1 of which nly ix produced ov r 1,000 fla k , and the number 
49'.l 
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was still further reduced at the end of the year. Even the Guadalupe 
.and the Sulphur Bank, mines well eqµipped with plant for mining and 
t,reating ores, have now practically ceased work. The active mines now 
number but six, with :fifteen furnaces in operation. An improvement 
in the market, if it promised to be lasting, would lead to the· reopening 
of a few of the best of the now idle mines, but for the majority of the 
.abandoned claims there is little hope. 
Production.-The statistics of production have been compiled by Mr. 
J.B. Randol, manager of the New Almaden mine, and present a full 
report of the American quicksilver output. Mr. Randol's work is a model 
of statistical completeness. It will be noticed that in 1883 there were 
6,007 flasks less made than in 1882 ; while the decrease in 1884, as com-
pared with the yield in 1883, was even greater, amounting to a differ-
ence of 14,812 flasks. The output m 1884 was less than in any year 
since 187 4, and much less than half that of the most prosperous years. 
It was also below the average for the whole series of years from the in-
ception of quicksilver mining in the United States, the average for the 


















Produot of quicksilver 1nines of California to the close of 1884. 
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Flasks.I Fr,a,ka. Fla-sks. Flasks. Flasks. Flasks. Flash. Fvuks. Fl'u. Flasf;8· Fl'ks. Fl'ks. Fl'ks Fl'ka. Fl'k~. Fl'ks. Fl'ks. .IiJllBkB. Flasks. Flasks. 
1s6-1 .. .. 42,489 et-'."~.§ 1,914 ........ a~·~ ........ 800 ...........••. "O ~,g ...... ...... ...... ...... ...... ...... ...... fl~ !,280 47,489 
mt::: iHif p.;~i m !:t~ :::::::: ·~i; :::::::: :::::::: :::::::: :::::: 11! 1 :::::: :::::: :::::: :::::: :::::: :::::: :::::: ·i!! Hit ;;J~& 
1868 ..... 25,628 12.180 8,686 ....... . =~= ........ 1,122 ................. §~ .......••••..•••....•••....•...••••.•••.•. ~~·a 112 47,,28 
it1) l~i 11:ffi Iili :< !!1 ) ::: tffi >:i :::) fi;_m :::::: :::::: :::::: :::::: :::::: :::::: :::::: !U :::~ if!m 
1873 ..... 11.042 7,735 a,294 . ... .... ::ca. 340 1,955 . .....•....... ij,!,j, .. J .......................................... 'f~t I 3,276 27,642 
1874 ..... 9,084 6,911 6,678 573 ~ 1,122 1,645 ........ 1,743 00 •••••••••••••••••••••••• •••••• •••••••••••• co~O ·•··•••· 27,756 
1875 .. ... 13,6-18 8,432 7,513 5,372 3,342 3,384 1,940 ........ 1,927 533 ...... ······ .•.••. 412 .••... •····· ...... ~ l 3,747 50,250 
1876 . . . . 20,549 7, 272 9, ]83 8,367 7,381 4, 322- 300 573 1,683 1,979 2,358 2,150 965 . 387 l, 570 1,028 1,436 976 2,595 75,074 
1877. .... 23, 996 6,316 9,399 10,993 6, 241 5,856 1,060 2,229 1,463 1,317 2,575 1,395 1,516 505 735 1,291 836 439 1,234 79,396 
1878..... 15,852 5,138 6,686 9,465 9,072 4,963 1,075 3,049 . . . . . . 1,534 1,679 1,615 1, 640 1,366 472 116 . . • . . • . . • . . . . . . . 158 63,880 
1879 .... 20,514 4,425 4,516 9,249 15,540 6,333 1,325 3,605 1,290 1,919 779 1,506 1,110 1,455 ..••.. 18 ···· .- · ········ ; · 101 73,684 
1880 .... 23,46:; .S,209 2,139 10,706 6,670 6,442 275 4,416 492 245 .•..•. 166 422 1,279 ...... ..•.•. •••... .•........ .. ...... 59,926 
1881. .... 26,060 2,775 2,194 11,152 5,228 6,241 ..•..... 5,552 ........•....•......•... ······ •..... 1,065 .•.... 208 ...... .....••... 376 60,851 
1882 . .... 28,070 1,953 2,171 5,014 1,138 5,179 ........ 6,842 ~······1~ .............................. 2,124 ...... ••.•.. .•.••. .....••... 241 52,732 
1883 ..... 1 29,000 1,606 1,894 2,612 84 3,869 ······· 5,890 .••.............•...•............... 1,669 ...... •..•.. ....... .••....... 101 46,725 
1884. . . . . :lO, 000 1, 025 881 890 1, 179 3, 292 . . . . . . . . 4, 307 . . . . . . . •..... , . • . • . • . . . . . . . . . . . . . . . . 332 . . . . • . . • • • • . . • . . • . . • . . . • • • . . 7 31, 913 
----------,---------------- - ---------------1-----1--,--1---- -
Totnl . 
1
813, 859 123,549 96,843 74,393 55,875 51,343 18,097 36,463 8,598 7,527 7,391 6,831 5,653 10,594 2,777 2,661 2,272 l, 415 63,175 1,389,316 
-a Including lEcna.. b The column of "vari~s mines" includes the product of the Buckeye, Mt. Jackson, Bacon, Bella Union Ame1ican Porter Wall Street ~att\i-
ana.ke, Kentuck. and other mines. This column includes, in 1882, 50 fl.asks prodn.ced µi Ore~on1 · · ' . 
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496 MINERAL RESOURCES. 
Production of quicksilver in California in 1883, by m.onths. 
~ 
.!sl = fl r,,. 
di i:l 
§ 
4) ~ .s -~ i:q A ~ 
Ill 
] 0 ~ = Months. ~ bl) r,,. = f;i:1 a6 -<ll = ';l i:s ;a .c= "C ~ di ~ 0 -; t = l Ir: A o:I Cl) ~ Cl) ~ Cl) Cl) '3 = r,,. "" ~ ~ p:j w. c!:) c!:) ~ (!;) I> E-4 ---- ------
Flasks. Flasks. Flasks. Flasks. Fl'ks. Flasks. Flasks. Flasks. Fl'ka. Flash. 
January ..••.•••...••. 2,497 112 867 280 77 890 590 262 7 4,582 
J<'ebruary ••••••••••••. 2,150 188 181 810 7 864 295 156 4 8,600 
March .••.•......••••. 2,280 142 202 835 ·-·--- 805 485 162 14 3,875 
~1~::::::::::::::::: 1,756 76 248 310 ........ 294 530 142 3 3,854 2,344 144 135 350 ......... 293 325 164 18 3,768 
.Tune ........•••••..••. 2,214 137 165 91 ......... 400 360 184 10 8,561 
July ...•...•....•...•. 2,618 85 141 180 ------ 446 452 150 2 4,024 
August .•. •...•. .•••.. 3,000 189 94 112 ....... 315 695 76 ------ 4,431 
September ••.....•...• 3,010 164 45 265 ··---- 297 750 81 80 4,642 
October ..••..•••..•. .. 2,672 272 109 206 ......... 215 521 134 ......... 4,129 
November •••••••••••. 2,212 115 78 160 ...... ..... 
'" I 
613 1 •g: 1···;s 3,488 December .•••........ 2,297 87 134 63 ........ 342 274 3,271 
Total •••••...•.. 29,000 1,6061 1,894 2,612 84 1 3,869 5,890 1,669 101 
46,725 
I 
a Production of lEtna. and Napa. mines in 1883 under heading of Napa mine. 
Production of quicksilver in California in 1884, by months. 
5i ,I.ii ~ j ~ ai § ~ 4) a0 a ·;:: i:q A Cl) Ill Months. cS :;i "C bi> "" = I::: t"1 ri, H = ~ = 
~ Ir: 
~ .c= "C ~ ce ai ~ 0 ca ;a A o:I Cl) .a §' Cl) ] ~ Cl) Cl) Cl) '3 ~ "" 0 z z p:j w. cb ~ z c!:) I> E-t 
------------------
Flasks. Flasks. Fl'ka. Fl'ka. Flasks. Flasks. Fl'ks. Fl'ks. Fl'ks. Fl'ks. Flasks. 
January .............. 1,440• 103 127 263 ............ 373 329 135 28 7 2,805 
February ........... . 1,458 59 104 ------ .. .. .. ...... 241 276 174 9 ........... 2,321 
March ......... .... . . 1,606 86 123 68 ------ -· 223 249 152 2 ......... 2,459 
~1.: :: : :::::: :::::: 1,785 75 50 76 ..... .... . 282 422 69 .,. ....... 2,709 1,672 125 53 200 169 245 6 ....... ........ ... 2,470 
June ...•••.•.....•... 1,859 44 118 ........ 200 258 215 . ........ ........ ·---·· 2,694 July ••.•.•••...•..• .. 1,548 29 71 52 200 258 374 101 ........ .. ......... 2, 6'l8 
August .••••.... . •••. 1,804 68 47 20 806 834 228 110 ........... .......... 2,912 
September ... ........ 1,448 67 52 35 58 354 136 169 58 ...... 2,377 
October·······-- · ..•. 1,625 115 68 25 160 328 153 90 104 ..... .. 2,668 
November .... ....... 1,900 157 82 53 150 230 132 240 91 .......... 2,985 
December ............ 1,860 152 86 98 105 292 172 180 40 ....... .. 2,885 
1, 02~ I ------2, 931 11, 376 -- --Total ........... 20,000 881 890 ], 179 3,292 332 7 31,913 
Foreign production.-The leading foreign quicksilver mines are the Al-
maden, in Spain, and thB Idria, in Austria. Compared with these, the 
other foreign sources are insignificant. The .Almaden ltas been worked 
for hundred of years, and is still producing largely. Its output from 
1564 to 187 5 was 120,179 Spanish ton , or 3,482,758 flasks of 7 5 Spanish 
pound (of 76.07 pounds aYoh:dupois). Up to· the close of 1884 it had 
yield d 3,91 ,784 fl.a k , an average production of about 12,000 flasks 
y arly for 319 year . The· Idria mine wa discovered in 1490 or 1497, 
and next to the Almaden has furni hed the greater part of the world's 
quick ilv r upply for nearly four centuries. Sin·ce 1850, however, the 
alifornia mine have contributed one-half of the total supply. 
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Years. (in periods of Idria. 
five years). 
1850 . • • • • . . . • • • • . . .. . . • • . • . . } 
185L ...... . ............. . . .. 
1852 ....................... . 
1853 ...... . ...... ... ....... . 
1854 ................. . ..... . 
1855 .... . ...... .. .. . .. .... .. ) 
1836 ................ .. ...... I 
1857 . ..... . .. .. .... . ....... . J 
1858 .............. .. ...... . . 
rn~~ ::::::::::::::::::::::::} 
1801 ........... . ........... . 
1862 .••••••••••••••••••• • ••• 
1863 ... .. .................. . 
1864 ......... . . . .... . ...... . 
1865 . . . ........... . ...... .. . } 
1866 .•.... ·••••· .•••••.••••• 
1867 ..... . .. . . .. ... . ...... .. 
1868 ....... . ........... . ... . 




























(in periods of Idria. 
five years). 
Flask,. Fkuka. 
1870 ...... . ................ } 
1871 .. . ••.•••..•••...•..•• . 
1872 .•••••.•.•...•. • .•..... 




165, 608 { 11, 116 
t 10,939 10,789 
( 10,717 
1876 ··•·••••••·•··••••••·•· 1877 .••..... . ••••••.•...... 
1878 ••••••·•••••••••··•••·· 1679 .•..•••........•. . ..... 
1880 •••••••••••··••·•••••·· 1881 ..................... . . 
1882 .•••••..•.•••••••...... 
1883 ·••······· . . .......... . 
1884 ...... . ............... . 
Total, thirty-five years .. 
I 10,794 
208, 200 < 11, 020 
I 10,403 
l 11, 153 
a41, 640 12, 356 
50, 353 11, 333 
46, 591 11, 663 
46, 143 13, 152 
43, 099 b13, 000 
1, 088, 550 288, 982 
a Yearly. b Estimated. 
The world's production of quicksilver front 1850 to the close of 1884. 
Localities. b f 
Pounds 
Num ero avoirdupoi11to 
flasks. the flask. 
California .........••.. . ••. . ...............•....•...........•................ 
Spain . . ................ . ........ . ............................. . ............ . 




Total .. .. .. . . ............ . ... . ........................................ 2,766,848 




Prices.-Until :recently it has been customary in this country to quote 
the price of quicksilver -at so many cents per pound, while in the Lon-
don market quotations have been in pounds sterling per flask. It is 
now becoming the rule in San Francisco to state prices by the flask, at 
the American standard of 76½ net . pounds avoirdupois. For conven . 
. i.ence in comparing the two systems a conversion table, prepared by Mr. 
Randol, is appended, which shows equivalent prices per flask and per 
pound, within the range of recent fluctuations : 
Pr·ice of quicksilver per flask and per pound. 
Por I Equivalont I Pe, 1E~uivalent Per Equivalent Per E9-uivalent fl k. in cents fl m cents fl.ask. in cents flask. m cents as per pound. ask_- per pound. per pound. per pound. 
$26. oo I 33. 98 I $29. oo 37. 91 $32. 00 41. 83 $35. 00 45. 75 
26.25 34. 31 29. 25 38. 23 32. 25 42.16 35. 25 46.07 
26. 50 34. 64 29. 50 38. 56 32. 50 42.48 35. 50 46.40 
26.75 ~4. 96 29. 75 38.89 32. 75 42. 81 35.75 46. 73 
27.00 35. 29 30. 00 39. 21 33. 00 43.14 36.00 47.05 
27.25 35.62 30. 25 39.54 33. 25 43.47 36. 25 47.38 
27. 50 35.95 30. 50 39. 87 33. 50 43. 79 36. 50 47. 71 
27.75 36. 27 30. 75 40. 20 33. 75 44.12 36. 75 48. 04 
28.00 36. 60 
I 
31. 00 40. 52 34. 00 44.45 37. 00 48.36 
28.25 36. 93 31.25 40. 85 34. 25 44. 77 37. 25 48.69 
28.50 37.25 31. 50 41.18 34.50 45.10 37.50 49. 02 
28. 75 37. 58 31. 75 41. 50 34. 75 45.43 37. 75 49.34 
2 M R-32 
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The following table shows the range in price since 1850 in the two-
great markets. The lowest price ($25.25 per flask.) at San Francisco 
was touched in 1879, though the . average for the year 1883 ($26.83 as 
computed by averaging monthly quotations) was the lowest yearly aver-
age. While prices were also very much depressed during the greater 
part of 1884, a sudden rise to $35 toward the close of the year brought 
the average of the monthly quotations up to $29.34 for the year. Com-
puted at these averages, the total value o( the product of 1883 was-
$1,253,632, and that of 1884 was $936,327. The highest price was reached. 
in 1874 and 1875, when quicksilver sold up to $118.55 per flask, at which 
time the demand for amalgamation was great, and before the subsequent 
temporary expansion in production. Thus the minimum price was less. 
than a quarter of the highest rate obtained, showing a remarkably wide: 
range in valu.es. 
Highest and lowest prices of quicksilver during the past thirty-ft11e years. 
Years. 
1850 ....................................................... . 
1851. ...................................................... . 
1852 .•••••••••••.•••••••••••.•••••••••...•••.•..•.•••••...•. 
1853 ..•.••.••.•..••••.••••••••••••.•••••.••••••.••.•.••..••. 
1854 .•• ..•••••••.•••••••••••.••••. ·•·•·· .•••....••••.••.•••. 
1855 ....••.•••• ..••••.••••. . •••••. .•••. . · ••••• •••• ····· · ·· •· 
1856 .• ••••.••••..••••••••••• ••••·••••··•••·• ••·•·• •••••• .• • . 
1857 ....••.••..•.••....... ·••••· •• ••. .•.••...•.. ·•••· • ·••••· 
1858 .....• .•.•.•..••••••••••••.•••. •. •• ...•.•• •••• ••••••••·· 
1859 . •.....••.••..•.••••••••••••••••••••...••• •···•••••··••· 
1860 ......• ·•·•••••••••••••••••••••···•••· .•••••.•••••.••••• 
1 61. ..•••. ••··••••••••·•· ••••••••••••.••.•.••.• ·••••• .•..•. 
1862 .•• ...•..••••••••••••.••.••...•.•••.••••••••.••...•..•.. 
1863 .• .. ........••.. . •.•••••.•.•••. ••••..•••••.•••.......... 
186-1 ... . ......••• .•••.•••••••••••••.•••.••.•••••••.•...••••. 
1865 
1866::::: :: : : : : : : :: : : : : :: : : :: ::: : : : :: ::: :: ::: : : : : :: : : : : :: : : : 
1867 . •.. · ······•••·•··•••· .•••.• •••••··••···••··•·····•····· 
1868 . •••••..•.••••••.••••••••••••....•••••.••.••••.•.••.••. 
1860 .•• ••. ·•••·• · •· · ••• •••·••• ••·•••••·••· . •••....••...••... 
1870 .•. ..••••. ·•••••··••••·•••••••••···••· ·•·••· ·•·····•·•·· 
1871. • ····· ·· ••••••••·•••· .•...•..•.•.......•••....•....... 
1872 .. •....••.••••••••••••.••..•..••.•... .. .....•...•....... 
1878. •···•• ••· ••••••.•••••...•••••.•.•..••..••...........•. 
1874 .•••••..•.••••• ••.• •••••••.••.•..••..••...•..•....••.•.. 
1875 . •••••••••.••• ••••••••••••••••••••••••••·••••••••• .•••.. 
1876 ..•...••.•••.•••.•••.••••........•.•.....•...•.••..••••. 
1877 .. ··• ••· ····· ·••••••·••··· ···• ••··••·• · ••••• ..•. .• ..... . 
1878 .... ·••••••••••••••••···•••• · ••····•·•••·••· ·•··•···•··· 
1879 ....•.••••••••••••..••••.•••.•.• ..••. •.• .• . •···•••·•··•· 
1880 . . ···•· ·••·•· • ••••••·•·••· .••••• .. ...•• . ..•.... ••.. . ... . 
1881. .•..•......•..••••.••....••..•.••••...... ········· · ···· 
1882 . •......•.•. . .•....••.•.•.•..•.....•...........•.....••. 
1883 . ••....•...••.•......•.••...••.....••...•.••••••.•..•••. 
1884 .•••••.••••••••••••••••.•.•..•••••••••.•••. ..••.. ••. •••. 
Erlreme range in thirty·ilve years .................. . 
Price in San Fran. 
eisco per flask, 
Highest. Lowest. 
$114. 75 $84.15 




55. 45 51. 65 
51. 65 51. 65 
53. 55 45. 90 
49. 75 45. 90 
76. 50 49. 75 
57. 35 49. 75 
49. 75 34. 45 
38. 25 34. 45 
45. 90 38. 25 
45.90 45. 90 
45. 90 45. 90 
57. 35 45. 90 
45. 90 45. 90 
45. 90 45. 90 
45. 90 45. 90 
68. 85 45.90 
68. 85 57. 35 
66. 95 65. 00 
91. 80 68. 85 
118.55 91.80 
118.55 49. 75 
53.55 34.45 
44. 00 80. 60 
35. 95 29.85 
34. 45 25. 25 
34. 45 27. 55 
31. 75 27.90 
29.10 27. 35 
28. 50 26. 00 
85. 00 26. 00 
118.55 25. 25 
Price in London per 
flask 
Highest. Lowest. 
£. B. a. £. 8. d,. 
15 0 0 13 2 
13 15 0 12 5 
11 10 0 9 7 
8 15 0 8 2 
7 15 0 7 5 
6 17 6 6 10 
6 10 0 6 10 
6 10 0 6 10 
7 10 0 7 5 
7 6 0 7 0 
7 0 0 7 0 
7 0 0 7 0 
7 0 0 7 0 
7 0 0 7 0 
9 0 0 7 10 
8 0 0 7 17 
8 0 0 6 17 
7 0 0 6 16 
6 17 0 6 16 
6 17 0 6 16 
10 0 0 6 16 
12 0 0 9 0 
13 0 o· 10 0 
20 0 0 12 10 
26 0 0 19 0 
24 0 0 9 17 
12 0 0 7 17 
9 10 0 7 2 
7 5 0 6 7 
8 15 0 5 17 
7 15 0 6 7 
7 0 0 6 2 
6 5 0 5 15 
5 17 6 5 5 
6 15 0 5 2 
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Monthly quotationB of quicksilver at San FranciBco in 1883 and 1884 per flask . 
. i 1883. 1884. 
Months. 1- ------
Highest. Lowest. Highest. Lowest. 
-- -----·-- - ---
January ......•.....•........................................ 
February ..•.•....•••..••••.•••••••••••..••...••••.... : ..... . 
March .... . . . ....•. . .......•....••............•.•...... . ..... 
April ...... . ....•...•••.•••.•.••••..•••...•.•......•. · ······· 
May .................. . .......•.•••.......................... 
June . ....•.••••....••..•••...••••..•.•••..•••.........•...... 
July ........••..•.•••.•.•.•.•.•.•....•......•......••..•..... 
i~~!ifrb~~:: ::::: :: : : :: : :: :: : :: : :: : : :: : :: : : :: : : : :: :: : : : ::: :·:: 
November ........•...•.•••••.••••...•..•.•...•.... ···•·•·•·· 

























$26. 25 $26. 00 
29. 00 26. 00 
29. 00 28 00 
29. 00 28. 00 
29. 00 29. 00 
29. 00 29. 00 
29. 00 28. 75 
30. 00 28. 75 
31. 00 30. 00 
30. 50 29. 00 
34. 00 29. 00 
35. 00 32.00 
-------------
Extreme range .....•..•..•...•. . .......••....•.....•.... 28. 50 26. 00 35. 00 26.00 
'---.,,-----· '---v-----' 
A verage . . . . . . . . . . • • . . . . . . . . • • . . • . • . • . . . . . • • • . • . . . . . . . . . . $26. 83 $29. 34 
Imports.-The largest importation of quicksilver was in the fiscal year 
1883, when the amount rose to 1,500;000 pounds. In that year, how-
ever, the exports were also large, reaching 2,750,000 pounds. The im· 
ports during the last fiscal year fell to less than a tenth of the amount 
imported in the fiscal year 1883. 
QuickBilver impoi-ted and entered for conBumption in the United StateB, 1867 to 1884 inclu-; 
Bive. 
_F1aoa1 __ Y_e_ar_s_e_n_clin_' _g_J_u_n_e_3_0---1_Q_ u_a_n_t1-·t_y_.
1 1 
_v _a1_u_e_· [I FiB<al yeara ending Juno 30- Quantity. 
Pownd8. Pounds. 
1867 • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $15, 248 1876 . • • . . • . . . • • . . . . . . . . . . . . . . 78, 902 
1868 . . • • . • . . . . . • . . . • . . . • • . . . . . 152 68 1877 . . . . . . . . . . . . . . . . . . . . • . . . 38, 250 
1869 . . • . . • . . . . • . . • . • . • . . . . . • . • . • . • • . . . . . . 11 1878 . . . . . . . . . • • . . . . . . . . . . . . . . 294, 207 
1870 . . . . . . • . . • • • . • . . . . . . . . . . . . 239, 223 107, 646 1879 . . . . . . . . . . • . . . . . . . . . . . . . • 519, 125 
1871 . • • . . • . . . . . • . . • • • • . . . . . . . . 304, 965 137, 332 1880 . . . . . . . . . • • . . . • . . . . . . . . . . 116, 700 
1872 . . • . . . . . . . . . • • . . . . . . . . . . . . 370, 353 189, 943 1881 . . . . . . . . . . • • • . . . . . . . . . . . . 138, 517 
1873 . . . . . . . . . . . . . . . . . . . . . . . . . . 99, 898 74, 146 1882 • . . . • . . . . . • . . . • • • . • . • . • • . 597, 898 
1874 . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 202 52, 093 1883 . . . . . . . . . . . . . . . • • . . . . . . . . 1, 552, 738 











.Mercurial prepara.tionB imported and entered for conBumption in the United StateB, 1867 to 
1883 inclusive. (a) 
Fiscal years ending June 30-
Mercurial I 
1--- - ---i-- - - ---i preparations Total 
not otherwise value 
Blue•mass. Calomel. 
Quantity. Value. Quantity. Value. specified. I 
---------------1--- - - - - --- ___ , ______ __ _ 
1867 .......••.••...••.••.•••....•.••..•.... 
1868 . ..... ···••••··••••·••········· ...•.... 
1869 . ...... ··••••••••••··••••·•••••••••••·· 
1870 ...••.. . .....•••..•.••.••...•..•••••... 
1871. ..••.•...••..•••.•.•.•.•.•••.•••••••.. 
1872 ......•.....•.•.•.•••••••.•••.•.••..•.. 
1873. ··•··••······•••·•••••••·••••···•••··· 1874 ...••....•.....•..•.••••..•••.•.••••... 
1875 .....•...•..•..... • .••••.••••.•••••••.. 
!876 .....••.••.••.••..•.••••• ••••·····•···· 
1877 ...•••. ·•·•·• ···•·· ...•••.•••••.•••.... 
1878 . ...••••••.••.•••••.••..•.••..•....•.•. 
1879 ...........•. ·•·••• .•.••..•.•••........ 
1880 ...••••...••. ••••••·•••••····•··•·•••·· 
1881 ...••...•••••••••••.•.•••.•...•.•.•.•.. 
1882. ·••··•·••·•····•·· ...•••.•.•••.•••.... 
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Exports.-The maximum e~portation was in the fiscal year 1877, when 
lt reached nearly 4,000,000 pounds. In the fiscal year 1884 less than a 
third of that amount, and less than half of the amount for 1883, was 
exported. The yearly exports since 1854 are shown in the following 
table: 
Quicksilver of domestic procluction exported f1·om the United States. 
Fiscal year;~ding June Quantity. Value. Fiscal yea~s~ding June Quantity. Value. 
Pounds. 
1854 . •. :. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . $94, 335 
1855 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 806, 119 
1856 . . . . . . . . . . . . . . . . . . . . . . • • • • . . . • • . . . 831, 724 
1857 . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . 665, 480 
J :~g : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .... ~~~·- ~~. 
1860 . . . . . . . . . • • . . . . . . . . • • . • • • . . • . . . . . . 258, 6Be 
1861 ..... ..... .... ... .. . . . . •• . . . . .. . . . 631,450 
1862 . . . . . . . . . • • • • . . . . . . . . . • • • • • . . . . . . . 1, 237, 643 
1863 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 237, 116 
1864 . . . . . . . . . . . . . . . . . . • • . . 1, 736, 596 976, 868 
1865 . . . . . . . . . . . . . • . . • • • . . . . • • . . . . . . . . 1, 629, 063 
1866 . . . . . . . . . . . . . . . . . . . . . . 2, 948, 699 1, 508, 039 
1867 . . . . . . • . . . . . . . . . . . .• •. 1, 73&, 024 750,673 
1~68 . . . . . . . . . . . . . . . . . . • • . . 2, 995, 789 ~. 22:), 809 
1869 . . . . . . . . . . . . . . • . • • • • • • 2, 152, 499 869, 803 
1870 .•.......•.... ·····•· 
1871 .......... . . . .. ··· ··· 
1872 ..•••.• ·•·•••······• · 
1873 . ················ .•.. 
1874 ...••.• ··•···•······· 
1875 . ..•................. 
1876 -············ ···· ···· 
1877 ......•..•........... 
1878 ········••··········• 
1879. ················ ..•. 
1880 •...••......•• •...... 
1881 ...... .......• . ······ 
1882 ..........••....•••.. 
1883 •. · ·······•···· . ...•• 
































Movement of quicksilve1· from San Francisco by sea and rail. 
Years. Flasks. Years. Flasks. 
1850. . . . . . . . . . . . . . . . • . . . • • . . • • . . . • . . . . . . . . . 6, 467 1869. . . . . . . . . . . . . . • . .. . . . . . . . . . . . . • . . . . . . . 24, 415 
1851............................. .......... 10, 791 1870...................... . • . • . • . . . . . . . . . . 14, 240 
1852...... .•. . . . . . .• . . . . . • . . . •• . . . . . . . .. . . . 21,458 1871.. ..... •. • . . . . • . . • . . . . . • •• . • . . . • . . . . . . 16,339 
1853...... . • • . . . . . . • . . . • . • • . . . . . . . . . . . . . . . . 18, 800 1872 ..... . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 16, 780 
1854................. •• • • • . • • • • • . . • . . . . . . . . 20, 963 1878...................................... 11, 164 
1855 ...........•.••.....••.••.••••... ····•· 27,165 1874 .....••. ...••......• •·•·•·.. •. .• . .. . .. 11,750 
1856 ..•....... ••...••.••••••••••••.. ...•.. . 23,740 1875....... . . . . . . . . . . •. .•••... •.. .. ... . . . 87,829 
1857...... . ................................ 27, 202 1876.......... . • • . . . . . . . . . . . . . . • . . . • . . . . . . 49, 046 
1858...... .•. . . • .•••.•. •• • • • . . •. . . • . • . .. . . . 24,412 1877............ •. . • . . . . . • . . . . . . . . . . . . •. . . 52,695 
1859 . ... ... .•. ...••• .•••••..... ••. . .••..... 8,399 1878. ..... .. . . . . . . . . . . . . . . . . . . . .. . . . . ... . . 41,877 
1860. . . . . . . . • • . • • • . • • • . • • • . . . . . . • . . . . . . . . . . 9, 488 1870. . • . . . . . . . . . . . . • • . . . . . • • . . . • • . . . . . . . . . 62, 845 
1801.... . . . . . • • . • . • • • • . . . • • • . • • • . . . . • • • . . . . 35, 095 1880 .. . . . . . • . . . . . . . • . . . . . . . . . . . . . . . • • . . . . . 46, 204 
1862............. ••• • . • • • • . • . • . • • . . . . . . . . . . 23, 747 1881..... .. . ....... ....................... 45, 799 
1863 . . . . . . . . . . . . . . • • • • • • • • • . . • • • • • • • . . . . . . . 26, 014 1882. . . . . . . . . . . • . . . . . . . . . • • . . . . . . . . . . . . . • . 40, 4'17 
1864 ....•.....•..•••••.•...••••••• ....... : . 36,927 1883 .............. .. . .•...... : ....... ..• •• 37,867 
1865.. . ... .... .... . . . • • • . . . . . . . . • . . . . . • . . • . 42,460 1884.. .... . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 21, 901 
1860. .. .... ......... .. . . . . .. . . . . . . . . . . . . . . . 30,287 
1867... . . . . . . . . . . . . . . • • . . • . . • . . . . . . . . . . . . . . 28, 803 Tota . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 994, 001 
1868. . . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . • . • . . . . 44, 506 
The hipments shown in this and in the following table do not include 
upplies sent to local and Nevada precious-metal mines. 
Movement of quicksilver from San Franoisco in 1883 and 1884 in detail. 
To-
:By sea.: 
China ......... ...................................... . 
t:-r:i~-:::::::::::::::::::::::::::::::::::: . : : : : : : : : : 
South America .......................... ... ........ . 
Atl8tralia .•........................ . ....••..... ....•• 
Yew Zealand . . . . . . . . . . . . . . . . . . . . ................. . 
Cent ml America . ..... .................•............. 
v::ro"!t~. ·_:::::::: :: : ·.:::::: :: : : : : : ::: : : : : : : : : : :: : : 
Total by . ....•....•.••....•.•..•.......•.•.... 
By mil: 
e.nhal Pacific, Southern Paoi.fto, and Northern Pa-
































5,250 ...... ··•··• 
11 ·••·•••·•••· ----1-----1-----1----
83,247 14,901 18,3"6 
4,620 a7, 000 2,880 ······ . .... . 
Grand total .. -. . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . 87, 867 21, 901 .••........• 15,96G 
ainoludhlg about 3,500 flasks to Mexloo by Southern Paoifto railroad. 
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The following table shows the relation of the produc~ion to the out· 
-ward movement, the difference being the b~lance available for consump· 
tion and stock on the Pacific coast : 
Relation of production to shipments f1·om San Francisco. 
Years. 
1880 ............ ······ ............ ··· • ·•·······••••······· ..• . .•.. 
1881 .... . ...................................... ~ ................. . 
1882 ...•....•....•.•............. : .............•••••.............. 
1883 ............ . ................................................ . 
1884 ······ .......••.•.........•........................... - - - · ... . 



















M01,ement of quicksilver at London.-The imports during 1883 were 
54,519 flasks, and the exports 48,997 flasks. In 1884 the imports were 
56,969 flasks, and the exports 52,492 flasks. The stock at London De· 
cember 31, 1884, was estimated at about 74,000 flasks. 
Vermilion is an artificial sulphide of quicksilver. In the United 
States the manufacture centers around New York City, with two estab-
lishments in Philadelphia and one in Baltimore. The manufacturers of 
quicksilver vermilion are: D. F. Tiemann & Co., Sondheim, Alsberg & 
Co., and A. B. Ansbacher & Co., of New York City; C. T. Raynolds & 
Co., of New York City and Chicago; G. & N. Poppelin, jr., of Balti· 
more; J. T. Lewis & Co. and Glahn & Co., of Philadelphia. The pro· 
duction in the past three years is estimated as follows : 
Producti{!n of quicksilver vermilion in the United States, 1882, 1883, and 1884. 
Years. Priceper Total Pountls. pound. value . 
. 
$0. 45 $315, 000 
45 292,500 
48 288,000 
The falling off in production has been due partly to dullness of trade, 
and partly to the competition of other reds. The price was for some time 
stationary at 45 cents per pound, until November 22, 1884, when it was 
advanced to 55 cents, on account of the rise in price of quicksilver. 
The genuine quicksilver vermilion is known as ''quicksilver,"" Cali-
fornia," or "English" vermilion. It is claimed to be of better quality 
than the imported, though the latter sells at 10 to 15 cents higher per 
pound. While there is probably little intrinsic difference, the home 
manufacturers are in better position to understand the taste of local 
consumers. The domestic vermilion is made from California quicksilver 
or from the foreign metal, indifferently, but more commonly from the 
former. The process is reported by Mr. Marcus Benjamin to consist in 
bringing quicksilver, sulphur, potassium hydroxide, and water together 
fo a revolving drum. The mixture is gently heated until 115° Fahr. 
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is reached; the temperature is then kept constant, and the reddening 
action proceeds. The composition of the vermilion is approximately 
mercury, 86.3 parts; sulphur, 13.7 parts. 
A number of pigments known as vermilion, but not made from quick-
silver, are on the market, under the names of HAmerican vermilion," a 
chromate of lead, also known as "Persian red," "Persian scarlet," 
'' chrome red," "scarlet vermilion," etc. About 1,000,000 pounds of this 
material were made in 1883, and 750,000pounds in 1884. "Imitation ver-
milion" is an aniline color thrown on a lead body (oxide or carbonate), 
and is said to be fugitive. T!aere are numberless names for it; "Colum-
bian red," "zubia," "ruboide," "Roman red," "Swiss red," ~tc. These 
colors have largely superseded true vermilion, as they are of a brilliant 
red) stand exposure fairly well, changing to a lighter color instead of a 
darker, as is the case with genuine vermilion, and are very much -lower 
in price. The production of aniline vermilions was about 750,000 pounds 
in 1883, and 600,000 pounds in 1884. The chromate of lead vermilions 
sold at about 11½ cents per pound in 1883, and following the gradual 
decline in white lead (carbonate) fell to 10¼ cents in 1884. The various 
grades of aniline vermilion brought from 10 to 35 cents per pounJ in 
1883, and declined to 8¼ to 25 cents in 1884, owing to the removal of the 
duty on aniline and eosine. Quicksilver vermilion is considered to be 
superior in body, permanency, and richness, but the question of price 
affect the sale. The scarlet chromates of lead, while possessing endur-
ing qualities, lack body and are not so rich in color. Between the two, 
of late years, the eosine reds h~ve appeared. Their color is exceedingly 
brilliant, and the body good; but their comparatively fugitive character 
i a drawback. 
In 1883 there were 16,330 flasks of quicksilver sent from the United 
tates to China, all of which is supposed to have been made into ver-
milion in the latter country; but in 1884 the Chinese market was supplied 
with Spani h quick ilver sent from London, though a little American 
quicksilver may have reached China indirectly and thus escaped record. 
The imports of vermilion, with their declared foreign valuations, have 
been as follow : 
J7 ermilion imported and entered for co11swmption in the United States, 1867 to 1884 • 
oZwtive. 
I 
Fiscal.years end.ingJune80-Qnantity. Value. jFiecal years ending June ao- Quantity. Value. 
1867 .•••.•..•••••.•••.•.••••. -~~~-. 
l ... .... ·······--··· ······ ......... . 
1 9 ....•.• ···•••···••··•·· .. 247,382 
1870 . . . . . . . . • . . . . . . • . . • . • . . . . lOt, 523 
1871 . . . • . • • . • . • • • . • • . • • . . . . . . 79, 195 
1872 . . . . . . . . . • • . . . • • . • . . • • • . . 120, 067 
1873 .. ...... .• . . • • . •• . • . •. • . • 87,008 
1874 • . • • • • . • • • • • • • • • • • • • • • • • . 42, 824 
1876 . ··· ····•••••···•·· .....• 9,400 
,12a, 506 1876 •.•.•.•.•......•.••••.•.. 
90, 648 11877 ..•. - .•....... - - .• - - •.... 
145, 665 1878 ..•...•.......•••.••..... 
67,262 1879 .....• • •••. ·- .• ·- .•••.•• . 
43, 935 1880 . . • . • • • • • • . . • • . • • • • • . .. . 
49, 237 1881 ..•••.•.••••••••••••.•••. 
65, 796 1882 ....•• ..••..••.....•..... 
39, 443 1883 •....•...•..••••..••..•.. 
10,831 1884. .••••.•••••.••...•••..... 























New uses for quicksilver.-Mr. J. A. Bauer has called attention to the 
,use of quicksilver as a preventive and cure for phylloxera. Corrosive 
sublimate was first tried by Mr. Bauer, but was not found to answer, 
as the mercuric chloride was speedily decomposed by the earths of 
-the soils to which it was applied. The quicksilver is used in mixture 
with fine powdered clay, equal weights of each, and is so finely divided 
that separate globules of the metal cannot be distinguished under an 
ordinary microscope. This mixture of quicksilver and clay is added 
to the soil of the hole in which the vine is planted. Half an ounce of 
-quicksilver to each vine is said to be about the proper quantity. The 
clay used must be free from grittiness; the mixture with the quicksilver 
is done in revolving barrels. A number of experiments, said to have re-
.sulted satisfactorily, have been made. Another use has been suggested, 
·namely, the use of a weak solution of corrosive sublimate (bichloride of 
mercury) as a disinfectant and germicide in case of epidemic cholera. 
'These applications, if adopted on a large scale, would do much to relieve 
1the quicksilver market. 
QUICKSILVER REDUCTION AT NEW ALMADEN.(a) 
BY SAMUEL B. CHRISTY. 
The mines of New Almaden were opened some years previous to 11350. 
'The regular workings of which records have been kept extend from that 
,elate to the present time. During the thirty-four years ending with 
1883, the quicksilver product of these mines has been exceeded by that 
-0f Almaden in Spain only. During this period, the yield of New Alma-
-den bas been 79 per cent. of that of its namesake in Spain, three times 
that of Idria in Austria, and greater than that of all the other mines in 
the world put together. Very little, howev~r (almost nothing, in fact), 
has ever been published regarding either the mine or its works. These 
facts, together with the energy with which improvements have been 
introduced and perfected at New Almaden, particularly during the last 
ten or twelve years, justify the length and detailed nature of the pres-
,ent paper. 
This study of quicksilver reduction will consider: 
1. The ores: their sorting and classification. 
2. Methods of reduction : historical sketch. 
3. Reduction works: their .situation and arrangement. 
4. Furnaces : their construction, mode of operation, and economic 
iresults. 
a. Intermittent furnaces. 
b. Continuous coarse-ore furnaces. 
o. Continuous medium-ore (granzita) furnaces. 
d. Continuous fine-ore (tierra) furnaces. 
a A paper read before the American Institute of Mining Engineers. 
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ORES. 
Sorting and classijication.-As is well known, the ore at New Almaden 
is cinnabar. Nat,ive quicksilver occurs also; but, as a rule, in small 
quantities only. Pyrite occasionally accompanies the ore. Bitumen is 
quite common, sometimes as a fragile black lustrous solid, resembling 
soft bituminous coal, but melting easily like tar; at other times it oc-
curs in the vugs of the gangue, in a liquid state, like coal tar. I have 
found lumps of apparently pure cinnabar from New Almaden to give a 
voluminous residue of pulverulent charcoal when subjected to sublima-
tion out of contact with the air. This would seem to show that the 
bituminous substance is intimately associated with the cinnabar. The 
latter occurs associated with a gangue of serpentine, dolomite, and a hard 
chalcedonic or soft chloritic "vein matter." Very rarely the ore is 
found disseminated in sandstone. 
The" vein matter," just as it is broken in the labores, or stopes, of the 
mine, is run out in ore cars on an elevated tramway above the planilla, 
or dressing floor, belonging to each center of production. At the Randol 
planilla, for instance, this tramway is 14 feet 6 inches above the drelis-
ing floor. 
Beneath these tramways, at convenient intervals, are placed bar-
creens inclined at 45°. The bars, slightly chamfered at the bottom to 
prevent choking, are placed an inch to an inch and a quarter apart. To 
prevent spreading. they are stayed with iron cross-bars at intervals of 
4 feet. Their total outside width is 5 feet. Upon these screens the ore 
i dumped, and what pa es through is known as tierras. The coarse 
fragments w hicb fail to pass the screens are carefully examined, and 
any Jumps that how signs of cinnabar are broken by hand to a maxi-
mum diameter of 9 inches, and the waste is rejected. The picked ore 
is known a granza. 
During 1882 and 1883 the totals from the mine were as follows : 




Scrri~~i1;::rz:z:-~~~: ::: : :::::: :::: :: :  : ::::: :::: :: :::::: ::: : :: :i ~~i * :t ~: ii 
!--.---+--·--
Total product f rom ore chamb rs .... ................................... 69, 039. 82 74, 020. 64-
Thi table how that a out one- ixth only of the coar e material 
top d i · nt t th work for treatment. All the fine ore i nt 
tber . 
B ·id th ~ ore hi h ome from th pr ent working , ther • i 
an tb r uppl ·, coming from the old dump , mo tly ituat d at th 
m u.tb f th in tunn 1. The. dump. r now being worked for a. 
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second time. In handling this material, all . large lumps that are 
evidently waste are immediately rejected; the rest is dumped upon 
screens similar to those just described. The screenings furnish '' old 
dump tierras." The coarse fragments are broken and washed in a large 
tank on ore forks, to remove the dust with which they are covered; and 
any fragments which show even a color of cinnabar are set aside as 
terrero. This has a maximum diameter of 6 inches. 
The product of the old dumps for 1882 and 1883 was as follows : 
Tons of2,000 pounds. 
Sizes. 
1882. 1883. 
Terrero . . . . . • . . • . . . • • • . . • . . . • • . . . . . . . . . . . . . . . . . . . . . . • . . . • • • . . . • • • • . • . . . . . . . . . . . . 32'..l 261. 27 
Tierras . . . . . . . . • . . • . . . . . • . . • . . . . . . . . . . . . . . . . . . • . . . . • • . . . • . . . . . . . . . . • . . . . . . . . . . . . 9, 522 10, 953. 05 
Total yield...... . . . . . . . . . . • . • . . • . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 844 11, 2L4. 32 
The old dumps, being exposed to the weather, are worked only during 
the dry season, while at the regular mine planillas, which are covered 
by sheds, the work goes on all the year round. 
The cleaned ores are transported to the ore chutes and bins at the ha-
cienda (the name given to the reduction works). Here they are still 
further classified, partly by the screens in the ore chutes, partly by 
screens on the top of the ore cars By this means, a new class of ore 
is introduced, intermediate in size bet'Yeen the tierras and the granza. 
This class is called granzita. The screens at the ore chutes are mostly 
made of cast-iron plates, with If-inch square holes arranged in diago-
nal rows across the plate. These separate from the mine tierras and 
gra.nzu a certain quantity of coarser fragments (granzita) that has 
passed the bar screens at the planilla, owing to the shape of the frag·-
ments or to the spreading of the bars. 
The same ore product is, therefore, classified somewhat differently at 
the mine and at the works. Thus: 
.At mine : 
New mine, old dump: Granza, coarse (rich); Tierras, fine (poor); Terrero, coarse (poor) . 
.A.tworks: 
Granza, 9 in.-3½ iu. (rich); Terrero, 6 in.-3½ in. (poor); Granzita, 3½ in.-1¼ in. (poor); Tierras, 
1¼ in. -dust (poor). 
It will be observed that at the works no distinction is made between 
new mine and old dump granzita and tierra ores. 
The general effect of a heap of granza ore with a light green back-
ground of serpentine and "vein matter," lighted up by bright masses 
of cinnabar, is quite pleasing to the eye. This class of ore usually runs 
at present from 6 to 8 per cent. metallic quicksilver. 
The terrero has much the same composition as the granza; only its 
exposure to the weather on the dump has given it a dull rusty look, 
and its quicksilver content is not more than 1 to 2 per cent. 
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The tierras and granzitas vary, according as they come from one or 
the other of the above classes of ore, from a dull green to a rusty, earthy 
.appearance. Fragments of cinnabar are easily detected by the eye in 
.some ca8es, and in others only by panning. Their 9uicksilver content 
usually averages 1 to 3 per cent. 
The total product of the mine for 1882 and 1883, classified as above 
explained, was : , 
Tons of 2,000 pounds. 
Sizes. 
1882. 188.3. 
•Granza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • • . . . . . . . . 9, 236. 43 9, 584. 20 
Terrero. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 322. 00 261. ?:T 
Tierras . . . . . .. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . 24,657.81 81,242.29 
1----1-----
Totals ................. ....... . ........... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84, 216.•24 41, 087. 76 
The total amounts treated at the reduction works for the same periods 
were: 
Tons of 2,000 pounds. 
Sizes. 
1882. 1883. 
Granza . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 569. 85 
Terrero.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297. 60 
10,428.40 
185. 85 
27,967.50 Tierra.a and granzita. . . . ................... , . . . . . . . . . • • . . . . . . . . . . . . . . • . . . . . . . 26, 206. 15 
Totals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 078. 60 88, 581. 25 
.A. verage percentage of quicksilver ...... ...... ....................... .. . 2. 976 2.875 
The difference between these sums total and the product of the mine 
1 , of course, accounted for by the ore left over in the ore bins. 
The ore on hand at the reduction works for the end of these periods 
wa: 
Tons of 2,000 pounds. 
Sizes. 
Dec. 31, 1882. Dec. 81, 1883. 
-0-ranza . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 1, 265. 990 421. 790 
Terrero.................................................................. . 105. 875 271. ffi 
Tierras and granzita.. ...... ..••.. .. . .. .......... .... . . .... .. . ..• .. ....... 2,380.378 5,605.162 
1-----1------
Totals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 791. 743 6, 298. 247 
The gra,nza and the tierras are weighed on platform scales as they 
ea the planilla; the terrero and tierras from the old dump are e ti-
m, ted b olum . At th work , the granza only is weighed; the 
granza r ning , granzita, and tierras are estimated by volume. The 
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latter, by experiment, weigh about 85 pounds per cubic foot, or 23.5 
*nbic feet per ton. 
It is evident that more than two-thirds of the total product of the 
mine is in the form of smalls. The method of treatment must, therefore, 
be adapted to this fact. 
llETHOD OF REDU0TION. 
Historical sketch.-The above account of the nature of the ores in mind, 
the following sketch of the gradual development of the methods now 
in use will be more intelligible. (a) 
The :first attempt at quicksilver reduction was made by treating the 
ores in whalers' trying vats. These were made into retorts by luting 
on iron covers; but so much salivation of the men resulted from their 
use that they were soon abandoned, and regular iron retorts were in-
troduced instead. The retort process necessitated crushing all the ores 
in order to mix them with lime, and was so expensive that only the 
rich ores would pay for treatment. As a consequence, concentration 
by washing or a total rejection of the poorer ores was necessary, in 
either case giving rise to considerable loss. Hence, even before 1850, 
attempts were made to treat all the ores, as was then done at Idria, 
Austria, and at Almaden in Spain, by roasting them and condensing 
the qui.cksilver from the products of combustion. 
The first furnaces built were badly constructed, with poor materials, 
a ncl gave rise to the loss of much metal in the foundations. But ex-
perience soon led to the type of ihtermittent furnace afterwards widely 
used in California. One of these furnaces, known as No. 6, is still in 
use at New Almaden, and with the other furnaces now used will be de-
scribed in detail later on. 
This furnace was a great improvement on the old retort system. It 
was also an improvement on the intermittent fumaces then in use at 
ldria and Almaden; for the ore was supported by a solid floor and not 
by arches attacked from below by the full force of the flames. It had, 
however, all the disadvantages common to discontinuous furnaces. In 
the treatment of quicksilver ores, t,he dislocation of furnace and con-
denser walls, resulting from sudden changes of temperature, was par-
t icularly injurious. The quicksilver escaping, both as liquid and as 
-vapor, from these openings caused both loss of metal and injury to the 
men. But the most serious disadvantage was the difficulty of treating 
t he fine ores in these furnaces. The tierras, forming, as we have seen, 
t he greater part of the product of the mine, had to be mixed with clay 
a Most of the standard works on metallurgy state that quicksilver is reduced at 
New Almaden in retorts. This was once true; but, as nearly as can be now learned, 
b as been abanrloned sincl3 1850. Retorts were used at the Enriquita works later, 
till 1858 or 1860, for ore reduction; at New Alma.den proper (the hacienda) they were 
used after 1850 only for ma.king assays or tests with rich ores. Since 1860, they have 
been entirely abandoned. 
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and made into sun-dried bricks, locally called adobes (a), before they 
could be roasted at all in the furnaces then used. As the tierras from 
which the adobes were made were poor ores, the expense of making 
them largely :reduced the profit of treating these ores. 
The next ·important improvement was the introduction of the con-
tinuous coarse-ore furnace. This furnace was first invented and built 
for burning lime near Berlin by the celebrated Count Rumford.(b) It 
was firAt introduced at Idria, Austria, by Bergrath Adolf Exeli in 1871-, 
aml proved so effective there that its introduction at New Alma.den fol-
lowed in 1874. The first furnace worked so well that a second was 
built in 1875. These furnaces, locally known as Nos. 7 and 9, are also 
called '' monitors," in allusion to their shape, and to the fact that they 
are iron-clad. With the introduction of these furnaces, the economical 
treatment of the coarse ore was satisfactorily accomplished. 
But the most serious problem yet remained. Two-thirds of all the 
ore had still to be worked into adobes, whether it went through the 
monitors or the intermittent furnaces. The fin~ ores of Almaden in 
Spain are even yet ma<le into adobes, while at Idria, Austria, this class 
of oresis treatedin continuous reverberatory furnaces(Fortschaufelungs-
ofen). At New Almaden, the problem has been solved in a much 
happier manner by the invention of the Hiittner & Scott furnace. 
This must be regarded as the most important contribution to the art 
of quicksilver reduction that has originated at New Almaden. The 
general idea of this furnace is similar to that of the Hasenclever-Helbig 
helf furnace. In common with the latter, it utilizes a series of inclined 
helve , placed in the opposite walls of a narrow vertical shaft to retard 
the descent of a column of fine ore. But it differs from the Hasenclever 
type in combining a number of ore chambers in the same structure, and 
in the device for regulating the passage of the products of combustion 
and for effecting the di charge. 
The original xperimental furnace, No. 5, contained two high, long, 
and narrow ore cbamberi:-, separated by pigeon-hole walls from the :fire-
place on one ide and the vapor chamber on the other. From either 
wall of the or cbam bers projected tile shelves, placed alternate1y in 
the oppo ite wall . The ·e shelves were inclined at an angle of 45° to 
the wall , and each ·helf wa therefore perpendicular to the next lower 
one iu the oppo ite wall. The di tance from the edge of one shelf to 
the fa of the n xt be]ow it wa 3 inches, thus forming an aperture 
a 1'h adobes w r roaclP in wooden frames by hand, just as bricks are made, tho 
fram forming six at a time. The molds were 4¼ inches by 5t inches by 10¼ inches 
i08itle m a ure; ncl the sun-dried adobe weighed about 12 pounds. In 1875 the 
co. t of making th ado\, s was 50 c nts per ton, and that of handling them after-
ward , drying, t ·.,45 ·Pntsp rton. Total additional co. toftr atingtie,•ras,95cent 
}H·r t n. 
b cribed in Karat(>n s .J.rchi fiir Mineralogie, Geognosie, Bergbau. und Hiittenkuu<le, 
l . i , PI>, 5-i02. 
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through which the ore could pass. This aperture I shall call, for con-
venience, the '~ shelf slit." 
When fine ore was fed into this ore chamber through a hopper at 
the top, it ran from one shelf to the next, until the column found sup-
port upon the discharge apparatus at the bottom, whereupon the whole 
column came to rest throughout the structure. Thus the shelves of 
the ore chambers were kept covered by an irregular zigzag column of 
ore. The end walls of the chamber were pierced with pigeon holes, so 
that the flames might pass from the :fireplace under each shelf, and 
over the ore lying upon the shelf beneath to a vapor chamber on the 
opposite end of the ore chamber. Thence they passed to the con-
densers. In the first experimental form, the flames made only one 
passage across the ore chambers. The furnace, as thus constructed, 
roasted the ores well enough ; but the escaping vapors were still quite 
hot, and the consumption of fuel was considerable . 
. To render the furnace more economical of fuel, to confine the great-
est heat to the bottom of the furnace, so as to secure the thorough. 
roasting of the ore, and to allow the vapors to escape to the condensers 
just above the boiling point of quicksilver, was the next object. .All 
the above improvements in the working of the furnace were effected 
by placing arches across the vapor chambers and over the fire box, so 
that the air and fumes were compelled to make four passages across 
the furnace on their way to the condensers. First, the air which en-
tered the fireplace was drawn through the roasted ore, thus absorbing 
its heat, and removing any quicksilver vapor which it might contain. 
Next, the hot products of combustion passed through the nearly roasted 
ore, thus imparting to it a maximum temperature; and :finally they 
were passed again back and forth through the colder ore in the upper 
half of the ore chamber. In this way the excess of heat was imparted 
to the cold ore, and the fumes left the furnace for the condensers only 
moderately heated above the boiling point of qui.cksilver. With these 
changes the furnace was found to do uniformly good work at a small 
expenditure of fuel and labor. 
The capacity of No. 5 was at first only 6 tons per twenty-four hours. 
lt was afterwards increased to 12 tons, but it was evident that the full 
economy of the new furnace could only be attained when it was erected 
on a larger scale. Gonsequently in the same year, 1876, a larger fur-
nace, No. 8, was erected. Tbis was a double furnace, two furnaces sim-
ilar to No. 5, but larger, being united end to end in the same structure. 
It was originally supposeu that one of these might be repaired while 
the other was in use. Experience has shown the heat to be too great 
to allow thjs; and they are now always used together without incon-
v-enience. 
In 1877 and 1878 a, new furnace, No. 3(a), was started. While this fur. 
aMost of the furna,ces at New Almaden are built on the sites of old intermittent 
furnaces, and retain their numbers as a survival. To avoid confusion, the designa-
tions used at the works are retained in this paper. · 
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nace was of the same type as its predecessors, its capacity was stm 
greater, and it differed in having three pairs of ore chambers placed side 
by side, and all heated by the same .fireplace. Another modification was 
introduced in the middle pair of ore chambers. These were made w_ith 
a 5-inch shelf slit, and were to be used for roasting granzita; but it was. 
found that the temperature best adapted for roasting t-ierras was not 
suited for granzita, and tierras only are now treated in all the chambers. 
of this furnace. 
Finally, in 1879, a new furnace, No. 2, with two ore chambers, having· 
an 8-inch shelf slit, was introduced for treating the granzita ores, inter-
mediate between granza and tierras. The granzita, it will be remem-
bered, runs from 3½-inch down to 1¼-inch diameter. In 1880, a second: 
granzita furnace, No.1, was built with two pairs of ore chambers. With 
the above improved furnace plant, the e-conomical treatment of fine and 
medium quicksilver ores may be said to be accomplished. 
In the early history of the mine, according to most accounts, the con-
densation of quicksilver was very imperfectly effected. Prof. W. P. 
Blake, in a letter to Prof. J. D. Dana (a), dated February 14, 1853, speaks-
of the loss of mercurial fumes escaping from the chimneys, and of '' the· 
peculiar gray coating upon their tops." An article in the American, 
Cyclopedia, some ten years later, speaks of the salivation of men and 
animals abou~ the works, and "the deposit of mercurial soot upon the 
roofs around." During the last ten or twelve years, while improve-
ments have been going on in furnace construction, constant attention 
has ,.been given to the subject of condensation. 
REDU0TION WORKS. 
Situation and arrangement.-The beautiful spot occupied by the 
hacienda, or reduction works, is familiar to many California trayelers. 
It was chosen in the early history of New Almaden. The road leading 
to the mine leaves the San Jose valley, and, turning to the south, enter 
the canon of Lo Alamitos creek. The handsome residence of the· 
manager and the neat village of the officers and the workmen make a 
pleasing picture to the east of the well-shaded road. This latter i 
cooled by a running stream, a luxury all too rare in California summers . . 
Just above the village the narrow canon widens out to an area of a 
dozen acre , giving barely room for the reduction works. The summit 
of Mine hill i a mile to the west of the hacienda in a direct line, and 
1,300 feet above it. A fine wagon road, 3 miles in length, and a shorter 
tramway, with elf-acting incline , erve to bring the ore from the mine 
t,o the work . 
The ore tramway from the mine is ituated at the foot of the tall 
bluffi; behind the furnace, at a height of 60 feet above the furnace 
floor. .b'rom thence the ore i dumped into the ten chutes arranged 
a.t!m.erioan Journal of Science, Vol. XVII., p. 438. 
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along the sloping sides of the bluff at an angle of 40°. These are 
arranged with bar or cast iron screens, as before described, to separate 
the tierras from the granzita, and have in most cases aprons of hanging 
logs to retard the descent of ore .and facilitate the removal of smalls. 
The granza and terrero go directly from the chutes to the furnaces; 
but as there is not storage capacity enough in the chutes for the 
tierras and granzitas, the latter are distributed by elevated tramways 
to the ore sheds, arranged at convenient points in the furnace yard. It 
is necessary to accumulate during the summer months a stock of these 
ores to last through the winter, as they would be too wet to roast if 
exposed to the rains. This is all the more necessary since they already 
contain considerable moisture, and must usually be dried before roast-
ing. 
Near the furnaces are the bottling and weighing rooms. These are 
k_ept under lock and key, and are in the ~harge of the watchmen. The 
quicksilver is conducted from the entire system of condensers belong-
ing to each furnace by iron pipes which lead to boxes, with goose-necks 
at the bottom, from which nearly constant slender streams of quick-
silver flow during the regular working of the furnaces. The metal is 
allowed to accumulate in large iron vats, whence it is weighed out into 
flasks, bottled, and stowed ready for shipment. The product of each 
furnace is recorded separately. 
After passing through the condensing system attached to the furnace 
in which it is produced, the smoke is conducted to brick towers. In 
these brick towers auxiliary fireplaces are placed to heat the side-hill 
flues in case of insufficient draft. The side-hill flues lead to tall brick 
chimneys on either side of the creek, which serve to dissipate the prod-
ucts of combustion. 
The spent ore, or waste, locally termed '' slag," is drawn from the 
cooling pits of each furnace into cars, whence by tracks it is dumped 
into Alamitos creek, which effectually disposes of it. 
Owing to the lack of sufficient level space for stowing ore above the 
furnace heads, three elevators are used to lift the tierras and granzitas 
from the floor of the works where they have been stored (or dried in 
the sun during the summer) to the top of the furnaces. Two of these 
are water-balance elevators, while the other is a water-pressure eleva-
tor with piston. 
The furnaces, condensers, and ore floors are roofed over; but the sides 
of the structures are mostly left open to afford free ventilation for cool-
ing the condensers and drying the ores. 
Despite the necessity of making all improvements without any in-
terruption to the regular production, the works are well and conven-
iently arranged, and are kept in excellent order. 
In addition to the main plant above mentioned, there are soot floors 
and kettles, bath rooms for the men, offices of the company, carpenter 
shop, and machine shop. The latter is furnished with between 3 and 4 
horse power by an overshot wheel, 6 feet wide and 20 feet in diameter. 
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FURNACES. (a) 
After this general view of the works a detailed stu~y of the furnaces 
themselves comes next in order. No further mention will be made of 
device::; now abandoned, and we shall consider only those furnaces now 
in actual use. 
INTERMITTENT FURNACES. 
Furnace No. 6.-This is the last survival of the old intermittent fur-
nace in its most perfect form. The ore chamber, which forms the main 
body of the furnace, is separated from the :fireplace and the vapor 
chamber by pigeon-hole walls. These walls have in plan the form of 
an arch with the convexity towards the ore chamber, as they serve to 
keep the ore from the vapor and fire chambers. The ore is charged into 
the ore chamber through the top of the furnace, being lowered in a 
Mexican ore basket by hand. A series of '' channels" or flues is built 
along the bottom across the ore chamber, in continuation of the aper-
tures in the pigeon-hole wall, with lumps of coarse ore. In former times 
adobes were used for this purpose. When the first series of channels 
has been built, a layer of coarse ore 2 or 3 feet thick, according to the 
size of the fragments, is charged into the furnace; then another series 
of channels is built, and so on to the top of the furnace. To counteract 
the natural tendency of bot air to roast the upper rather than the lower 
layers of ore, the channels are made smaller and farther apart in the 
upper layers of ore. and a certain amount of tierras and soot from the 
condensers is added to the coarse ore for the same reason. · The ore-
chamber i 12 feet long by 9 feet wide, and 17 feet 6 inches high, inside 
measures ; and the charge of ore is 80 to 100 tons. The discharge ports 
or draw holes are four in number, two on each side of the furnace. They 
are bricked up during the roasting of a charge, except a peep hole, kept 
tight by a luted brick. The final discharge opening for the fumes bas 
its bottom on a level with that of the ore chamber, and its top at a height 
of 6 feet 9 inches above the floor. This is to counteract the upward 
tendency of the ga e , already mentioned. 
The operation of these furnaces as now managed (without adobes) 
i a follows: 
L Oharging.-Thi takes the labor of eight men for one day. As 
already de cribed, the coarse ores (granza and terrero) are used to build 
channel , the coar e ores are next piled in indi criminately, then another 
, eri of channel', and o on, till a layer of soot and tierras fills the fur-
nae to the top. The draw port are then bricked up; on top of the 
haro-e piece of old beet iron are lairl; on the e is placed a 2 or 3 inch 
la er of traw manur , and on the latter a layer of moist clay of about 
th m tl.ti kn . Th furnace i then ready for the econd perio I. 
a. Tb unavoidable omi ion of the largo and detailed furnace drawings which ac-
<'or pani cl th original paper is r gretted, as these would have greatly assisted th 
<l cription.-A. W., jr. 
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2. Roasting.-This requires in most cases the labor of one man per 
shift of twelve hours for five days and four nights. Besides attending 
to the firing, the man in charge of the furnace lutes any cracks that 
may appear in the port-hole doors, and from time to time sifts ashes 
over any cracks that may form in the clay luting that covers the top 
Qf' the furnace. 
· 3. Oooling.-This, of course, requires no labor. When the firing is 
stopped, the furnace is allowed to cool for three days and nights, the 
air passing through it into the condensers all the time, removing any 
quicksilver that may be still retained in it, and cooling the ore so that 
it may be handled by the men. · 
4. Discharging.-For this the labor of four men for one day is neces-
sary. The top is removed to create an upward draft through the fur-
nace; the discharge ports are broken open; and the men draw the spent 
ore through the ports into the slag cars. 
In this manner a charge of ore is :finished in just ten days; so that 
three such charges may be put through in one month. Formerly, when 
the intermittent furnaces only were used, less time was given to the 
roasting and cooling periods in order to increase the production. · As a 
consequence, the ore was not always thoroughly roasted, and the men 
who charged and discharged these furnaces suffered considerably from 
the heat and the fumes of the mercury. The time of roasting and cool-
ing such a furnace should of course be greater with rich than with poor 
ores; and the fact brought out by the present manageme;nt that suffi-
cient time was not allowed to properly roast rich ores in these furnace 
explains in large part the losses and evils formerly connected with 
their use. 
No. 6.-Coarse-oreju,·nace (inten1iittent). 
Number G I I . Number of runs. 1882. of days' ranza, Terrero, I T1erras, Total 
____________ ,____ fl.ring. -=--=-i-=- ore, tons. 
One run . . . . . . .. . .. . . . . . . . . . . .. . . . . . . . . . Jan..... q 39. 60 21. 60 21. 90 83. 10 
Two runs............................... Feb..... 8~ 125. 30 2. 70 44. 00 172. oo 
Two runs . . . . . . . . .. .. . . . . . . . . . . .. . .. .. . . Ma.r .. .. 11 149. 60 1. 80 31. 50 182. 90 
Two runs .................. -. . .. .. .. .. .. April... 9! 160. 60 16. 50 177.10 
Three runs ............................. May.... 13½ 201. 30 36. 00 25. 50 262. 80 
Three runs .. . . . .. . . .. . . . . . .. ..• . .. .. .. . June.... 1~ 191. 40 64. 80 12. 00 268. 20 
Three runs ............................. .July.... 12½ 240. 90 23. !JO 6. 75 271. 05 
Three runs . . . . . . . . . . .. . . . . . . .. .. .. .. . .. Aug . . .. 1~ 168. 30 83. 70 6. 75 258. 75 
Three runs .. . .. .. .. .. . . . . . .. .. .. .. . . . .. Sept .... . 13¼ 212. 30 37. 50 6. 75 256. 55 
Three runs .. . . .. .. .. .. .. . . . .. . . . . . . .. .. Oct . . . • . 13¼ 237. 60 22. 50 6. 75 266. 85 
Three runs ............................. Nov.... 121 264. 00 2. 70 5. 25 271. 95 
Three runs ......... _... .. . . . . .. . . . . . .. . Dec ... · 1 13~ I 268. 40 I . 90 1--........ 269. 30 
Thirty one runs . . . . . . . . . . . . . .. . . . . . . . .. . •• • . . . . .. 138. 08 2,259.30 297. 60 183. 65 2, 740. 55 
Per run ................................. ·-·------- 4.45 72.881 9.600 5.924 88.40\i 
2:MR-33 
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No. 6.-Coa1·Be-ore furnace ( intermittent)-Continued. 
Quicksilver, flasks. 
i, Wood Cost of Cost of Total 
Number of l'tlD& ~ burned, 1882. ~ cords. fuel. labor. cost. A ~ ~ ] 'O .p Q A 0 ~ 0 0 0 
0 00 E-1 ~ 
- -------
One ran ................. Jan ..... 105 105 ....... 11. 00 $63. 25 $57. 50 $120. 75 
Tworuns ................ Feb ..... 240 17 257 ......... 22. 00 126. 50 83. 00 209. 50· 
Tworuns ........... . .... Mar .... 262 7 269 .......... 27. 87~ 160. 25 82. 75 24·3. 00 
Two rans . ............... April ... 334 ..... 834 ........ 26. 75 153. 81 103. 50 2/i7. 31 
Threerans .........•.... May .... 498 .... 498 ....... 41.12½ 236. 47 120. 00 356. 47 
Three runs ..•......... .. June ... 502 ... . 502 ------ 41. 50 240. 70 128. 50 369. 20 
Three runs ..... .. .•..... July .... 509 ..... 509 .......... 38. 50 223. 30 120. 00 343. 30 
Threcruns .............. Aug .. . . 409 ..... 409 .. ....... 40. 66¼ 236. 84 126. 50 363. 34 
Three runs .............. ~~~~:::: 465 ..... 465 ....... 42. 33½ 254. 00 124. 00 378. 00 Three runs ............. . 556 ...... 556 ----·· 40. 75 244. 75 127. 00 871. 75 
Threeruns ....... ...••.. Nov .... 581 ..... 581 ------ 41. 00 246. 00 126. 50 372. 50 
Three runs ....... . ...... Dec ..... 647 ---· 647 ......... 40.00 240. 00 125. 25 365. 25 --- -----------------
Thirty-one runs ......... .... . ....... 5,108 2~ 5,132 7.16 413. 50 2,425.87 1,324.50 3,750.37 
Per run . ..... . ..... . .. . . --- · 165. 548 7.16 la. 339 78. 254 42. 726 120. 98 
Per ton of ore .. ......... .............. ·----- 1. 873 7.16 .151 .865 .483 1. 368· 
In order to make a comparison of the merits of the different furnace-
systems in use at New Almaden, I have given the actual working 
results of each of them for the year 1882. Thus. the actual results ob-
tained from No. 6 are given in the foregoing table. This was made up 
from the admirable system of furnace records kept at the hacienda. (a} 
Thanks to the Hiittner & Scott furnace, it is no longer necessary ~o 
treat tierras in the intermittent furnace. If it were necessary to treat 
a full charge of adobe , this would, according to the results for 1875r 
add 95 cents per ton to the present cost of $1.37, or nearly 70 per cent. 
to the present cost of roa ting in the intermittent furnace. 
CONTINUOUS COARSE-ORE FURNACES. 
Furnaces No. 7 and No. 9.-This pair of duplicate structures is with 
some light improvements of detail the same as the continuous coarse-
ore furnaces introduced at Idria, Au tria, by Bergrath Exeli, from the 
model of the old Rumford lime kiln. They are coarse-ore shaft roasting 
furnace with exterior firing. The lower half of the furnace is a regu-
lar hexagon with abutment at the alternate sides. These abutment 
contain the fire, a h, and draw pit . Each abutment has on its face a 
fire door and an a hpit door, which latter al o commands the discharge-
door for the pent ore. The pent ore, after being drawn from the 
cooling pit of the shaft into the a hpit , i I ft there until its fumes are 
---------
a In this connection it should be tated that the ruling prices at New Almaden 
daring 1882 were as follows: 
Furna e band ......... _ ...... _... ... 1.25 to 2.50 per bift of 12 hours. 
'ok (Engli h) ...................... 15.00 per ton of ~,000 pounds. 
'bar oa.l. ............ ....... __ ...... 12.00 p r ton of 2,000 pounds. 
C al (bitumiuou ) ...... .... ... . ..... 8.94 per ton of 2,000 pounds. 
Wood (pine or oak) .•..... __ .. _. . . . . . 5. 75 to $6. 00 per cord. 
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exhausted, and is then drawn in to the slag cars tllrough discharge 
doors. These discharge doors are placed on the side of each of the 
three abutments, lower down than _the ash pit doors. 
The upper half of the furnace is cylindrical. It is closed at the top 
by a. flat dome, which contains the charging apparatus in the center. 
The fumes of the furnace are removed from the vapor chamber at the 
top of the shaft above the surface of the ore, 8Y means of iron pipes 
12 inches in diameter. In No. 9 there are three of these discharge pipes, 
one of which is placed at the top of the shaft on the side opposite eaclJ, 
fireplace. In No. 7 there are in addition three others placed at the top 
of the shaft, one above each fireplace. By means of short cast-iron 
pipes, these holes are connected with a cast.iron downtake by means 
of a rectangular system of pipes which encircles the head of the fur-
nace. These pipes, inclined downward at an angle of 10°, lead into 
the condensers. . To keep the pipes clear of soot, they contain small 
discs of iron. These discs are moved by iron rods passing through 
stuffing boxes at the angles of the pipe system. They are only occa-
sionally used, and the piston rods are luted with clay when not in use. 
The shaft itself is a cylinder, 6 feet interior diameter, by 11 feet 3 
inches high, joined to the frustum of a cone 8 feet deep, contracting to 
a diameter of 4 feet at the bottom. Along the sides of the cylindrical 
part of the shaft, opposite each of the fireplaces, are placed a series of 
four peep holes. These, ordinarily closed gas tight, are used to deter. 
mine the height of the ore column and its temperature. 
The fireplaces and discharges have the details common to well.designed 
continuous shaft roasting furnaces of this type. The shaft and fire-
places are lined with firebrick; the rest of the furnace is of red brick, 
with the usual expansion space between. 
The entire structure rests on a slightly cone-shaped iron plate which 
crowns the foundation. This would cause any quicksilver that might per-
meate the masonry to flow to the center of the furnace bottom, where 
provision is made for receiving it. Experience shows, however, that 
this precaution is hardly necessary, as no metal has ever reached it. 
The lower half of the furnace is inclosed by cast.iron plates, bolted 
and cemented with rust joints. The cylindrical part has ajacket of one-
eighth inch sheet iron; and a cast.iron top.plate crowns the whole, and 
makes the furnace vapor tight. 
The charging apparatus consists of a combination of devices used 
in iron smelting, viz., the banging cylinder, and cup and cone; but, 
owing to the value and poisonous nature of quicksilver fumes, an ad-
ditional cylinder and cover, with water or sand joint, is introduced above 
the other devices. The rod moving the cone passes gas tight through 
a stuffing box in the center of the cover, and is attached to a balance 
weight. The cover itself is also attached to balance weights by two 
chains passing over pulleys. The charging is thus easily effected with-
out exposing the men to the fumes. The cover is lifted; a charge of 
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ore and a little fuel is dumped from the ore car into the hopper, and the 
cover is lowered into place. The charge is then allowed to warm in the 
hopper, till it has nearly assumed the temperature of the top. This is 
done to avoid chilling the fumes and condensing them in the furnace by 
contact with cold ore. At the proper time, an equal volume of spent ore 
ha Ying been meanwhile drawn below into the ashpits, the cone is lowered 
and the charge dropped into the furnace. The small quantity of fumes 
that escapes into the space between the cup and cover is allowed to 
cool a few minutes, and the cover is again lifted and a new charge is 
-added to the hopper. 
The details of construction of these furnaces are throughout excellent; 
they work admirably, and, although they have been in almost contin-
nous operation for nearly ten Jears, they have required hardly any 
repairs. 
The mode of operating these furnaces is as follows: When first started 
fqr a campaign, they are :filled above the level of the :fireplaces with 
'pent ore, and then with ore to just below the level of the uppermost 
peep hole. This level is never exceeded; so that there is always above 
the level of the ore a v-apor chamber, at least 3 feet high, containing 
140 cubic feet, in which the fumes collect before passing out of the exit 
flues. With the ore when charged there is mixed 1-z per cent. of coal, 
charcoal, or coke, to assist in raising the temperature at the top of the 
furnace and to keep the ore column more open. A good :fire of pine or 
oak is maintainecl in each of the three fireplaces. The charge of 1,600 
pound of ore and 24 pounds of coke or other fuel, previously weighed 
on the ore scale, ha been placed in the hopper. As soon as the lower 
peep hole shows a dull cherry red, a quantity of spent ore is drawn into 
the a bpit , the new charge is lowered into the furnace, and the hopper 
i refilled a before described. 
The pent ore i allowed to remain in the ashpits, discharging any 
fume that may be till retained back again through the :fireplace into 
the furnace. At the end of this period it is drawn through the side 
do r of the abutm nt into the'' slag" cars. Another charge, equal in 
volume to th n w charge, is again drawn through the discharge holes 
f the haft into the a hpit, and then the new charge is dropped from 
the hopper into th furnace. Thi eries of operations goes on every 
two hour · a long- a the campaign last . 
At thi · rate, the furnace roa t 9¾ ton per 24 hour , and, a by act-
ual xperiment th y hold 21 t n , it take. 52¼ hour for a charge of ore 
to pa through the furnac . The capacity of these furnaces might 
ea ily b incr a cl by drawing and charging more frequently or in 
gr ater qaantiti , and with poor ores this would be advi able; but 
with th rich or (6 to 8 per cent.) now treat din the e furnaces, ex-
perienc ha 1 d t the above pra tice. 
Th amount of 1 bor required for these furnaces is very mall. Two 
m n p r hif f 12 h ur charg and discharge both of them. 
.., 'H 
Qnicksilrnr, flasks. I>, 0 
"' ,i, ,;j "''C .... l=l A 
O l'i 0 i::, ..; 1882. _..,o ~e p. ~ CIS-0 = ,Q ,aO ~ ,....; 
! 
!=lo 'C ..,; (IS 
~c<i' A 0 ~ e 0 
c!, Q r:n. E-l 
----
January ...... . .... 31 297. 60 470 28 498 
February .......... 28 268. 80 441 26 467 
March ............. 31 297. 60 527 34 561 
~ -~1_:::::::::::::: 30 288. 00 466 19 485 31 297. 60 505 24 529 
June .......... . .. ·· 30 288. 00 486 14 500 
·ti:l~~t :::: :: :::: :. 31 297. 60 560 30 590 16 148. 80 340 2 342 
September .. .. . . ... 30 288. 00 443 10 453 
Ootober ...... . ..... 31 29]. 20 516 0 516 
November ......... 30 288. 00 484 8 492 
December .......... 31 297. 60 672 0 672 
------ ---
350 3,348.80 5,010 195 6,105 
Per day ........... 1 9. 569 ----·--· ----·- 17. 443 
Per ton of ore ..... ---·-· 1 -------- .... --1 1.823 
No. 1.- Gmnza Jurriace (contimwuB), 







6.40 19. 25 { Coal, Coke, 
2,400 } 8,928 
6.64 10. 625 I Coal, 8,400 } Coke, 8,064 
7. 21 17. 25 { Coal, ], 800 } Coke, 8,928 
6.44 17. 75 Coke, 8,640 
6. 79 19. 25 Coke, 8,928 
6. 64 18. 625 Charcoal, 8,640 
7. 58 19. 00 Charcoal, 8,928 
8. 79 10. 25 Charcoal, 4,464 
6. 02 19. 00 Ch.ircoal, 8. 640 
6. 77 18. 75 Coal, 8,736 
6. 53 18. 50 Coal, 8,640 
8. 63 19. 75 
-
Coal, .,....8, 928 
l Coa,l, 38,904} 
6. 97 208. 00 Coke, 43, 488 113, 064 
Chcl., 30,672 ' 
toal, } 6. 97 . 594 Coke, 323. 04 
Chcl., 
l°oal, I 6. 97 . 062 Coke, 33. 762 
Chcl., 
Cost of Cest of 
fuel. labor. 
$188.32 $140.00 
146. 92 105. 00 
174. 20 116.25 
166. 86 112. 50 
173.19 116. 25 
168. 50½ 112. 50 
148. 59½ 114. 37½ 
78. 65 67. 50 
152. 88 U2.50 
152. 24 116. 25 
149. 88½ 112. 50 
158. 67 128.12½ 





















Stopped .August 7 to 22. 
Cone fell m furnace. 
New one put in. Two 
















No. 9.-Granza furnace (continuous). 
. .... 
I>, 0 • Quicksilver, flasks. 
: ~i . 
... • 0 r:s ., 
~ ~ .,_g. $ ~ 
<1> do Cl i:I 
,C No <I) • <I> 
j3 i...c:<1 8 ° 0 t 









labor. Total cost. Remarks. 
8 §o. ,g ~ o3 (.) I 
- ----- - , _____ , 1- ------ --- 1-----1- ---1- - --- -I----------
.Tanunry ... ·. ...... . 10* I 89. 60 74 78 152 .. .. . .1 6. 25 Coko, 2, 688 I $56. 10 $41. 25 $97. 35 Fired 2 p. m., January 
Febninry . .. . ...... 2~ 208. 80 4~5 44 469 6.67 17. 62½ Coke, 8,0~4 149.?2 105.0~ 254.72 2~, 1882. Seventy. 
lfn1rh .. .. .. .. . .. 31 297. 60 5-4 21 5-l5 7. 00 IR 37½ Coke, 8, 9_8 172. 08 116. 2.> 288. €3 et"'ht flasks came 
April . . . .. . ... .. .. 30 288. 00 480 20 506 0. 72 17. 75 Coko, 8,640 160. 86 112. 50 279. 36 from cleaning c Oll· 
Mny . . . . . . . . . . . . . 31 I 297. 60 531 26 557 7. 15 19. 25 Coke, 8,928 173. 19 116. 25 289. 44 t1enscrs before the 
June . ..... ..... . .. 30 288. 00 468 16 484. 6. 42 18. 6'.?½ Charcoal, 8,640 168. 50½ 112. 50 281. 00¼ run began. 
July . . . . . . . . . . . . . . . 31 297. 60 549 32 58i 7. 46 19. 00 CharcoaL l:l, 928 148. 59t 114. 37½ 262. 97 
August . . . • . . • . 31 297. 60 544 21 565 I 7. 28 19. 50 Charcoal, R, 9'.?8 151. 51 130. 00 281. 51 
Sc>ptember . . . . . . 30 
1 
288. 00 458 15 473 6. 28 19. 00 Charcoal, 8,640 152. 88 112. 50 265. 38 
Octob.r . . . .. ... ... 31 297. 60 558 13 571 
1 
7. 33 18. 75 Coal, 8,928 152. 24 116. 25 268. 49 
No,·cmb~r . . . . . . . . . 30 288. 00 539 7 546 7. 25 18. 50 Coal. 8,640 149. 88½ 112. 50 I 262. 88½ 
Deo,,ml,er . . . .. . . . . . ~- 297.60 j_615 ...... 615 7.90 19.75 ~oal, 8,928 158.67 128.12½ 286.79½ 
844. 42 1 3, 296. 00 I 5,765 299 6, 06! l 7. 037 212. 37½ 1 s gh~i: :;: ~:} 98,880 j 1,800. 78½ 1,817.50 I 3,118. 2a½ 
{ Coal, 26, 496 
5 gb~:~oal, } 
{ Coal, 
5 8~~~~oal, ~ 
{ Coal, 5 
Per llny . .... . . .. .. . j l 9. 570
1 
. . .. .... , ..... . 
Pertonofore ...... L .. .. ... .... . . . .. I. ....... , ..... . 
17. 606 7. 037 











Surnmary of granza fiirnaces. 
Furnace No. 7 .. . -1350. 00 3, 848. 80 I 5, 910 195 1 6,105 6.97 208. 00 I 118,064 11,858. 91½ 1,353.75 
I 
3,212. 66½ 
Furnnce No. 9.. ... 344. 42 3, 296. 00 5, 765 299 I 6,064 7.087 212. 87½ 98,880 1,800. 73½ 1,317.50 8,118. 23½ 


















·The foregoing tables show the actual furnace records of furnaces 7 
·and 9 for the year 1882. The total amount of ore treated, of quicksil-
ver produced, and the expenses are given; also the expense per day 
and per ton for each furnace, and the average for both. 
ln comparing these furnaces with No. 6, it must be remembered that 
both the former are run with the same amount of labor that would be 
·required for one of them if run singly. If two such furnaces as No. 6 
were run together, while it would, of course, tak~ double the labor to 
-0harge and discharge them, the same men could fire them both during 
the whole time of roasting. So, if we should compare two such furnaces 
as No. 6 with two such as No. 7 or No. 9, or if we compared No. 6 with 
-either No. 7 or No. 9, working- alone, we should have a more favorable 
showing for No. 6 than is here given. As it is, the cost of treating a 
ton of ore in No. 7 or No. 9, when both are run together, is only 70 per 
-cent. of that of roasting i~ No. 6 when the latter is run by itself. 
CONTINUOUS FINE-ORE FURNACES. 
The great importance of :finding some economical method of treating 
the large product of poor smalls produced by the mine has been already 
,explained. Making this ore into adobes would add 70 per cent. to the 
cost of treatment in furnaces of the type of No. 6, and would double the 
,expense of treatment of these ores in Nos. 7 and 9. The reverberatory 
furnaces (Fortschaufelungsofen) used at Idria would equally be out of 
the question, at the high prices for labor and fuel that obtain in Cali-
fornia. 
We have already traced the gradu~l growth of the Hiittner & Scott 
furnace, and sketched the successive stages which the invention has 
reached. Now, for convenience in description, the furnaces will be 
taken up in the inverse order, the last built being considered first. 
Continuous granzita furnace, No. 1.-The :fireplace is arranged for 
burning wood, and is fed from both ends. An earthenware pipe, 16 
inches interior diameter, passes through the condensers, thus cooling 
them and feeding the fireplace with warm air. From it run also a 
eries of airways, built in the walls of the :fireplace and of the ore 
chambers, thm; cooling them and supplying air for the more perfect 
combustion of the flames. Between the lower air or vapor chamber 
and the fireplace are the four vertical air chambers into which 
the furnace is divided. The discharge or draw pits are fitted with 
counterbalanced doors to retain the dust, and they feed upon an 
apron, and thence into the waste car. The horizontal dimensions of 
t,he furnace, exclusive of the foundations, are 17 feet 6 inches by 25 
feet 6 inches. The vertical height from the top of the furnace masonry 
to the ground line is 36 feet; the fot1ndation goes down 7 feet 6 inches 
deeper. The two feed hoppers are each arranged with four slide valves 
moved by levers and pistons working in vapor-tight stuffing boxes. 
The two vapor discharge pipes are provided with regulating valves, 
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and lead from the last vapor chamber of the furnace to the condens-
ers. All along the vertical wall between the fire chamber and the 
vapor chamber and the ore chambers are pigeon holes, through which 
the flames and vapors from the ore pass into the ore ch~mber and 
out of it again. The pigeon holes in the fire-cha:m.ber walls are cut 
at the bottom so as to slant with the shelves; those in the vapor chambers 
are cut across horizontally; but all are so beveled that the ore from 
the ore chamber and the dust from the gases do not accumulate so as 
to obstruct them. The former is shed back into the ore chamber, and 
the latter falls to the bottom of tlie vapor chambers, whence it is 1·e-
moved at the end of the campaign by doors kept bricked during the 
run. 
In case any obstruction should occur in the pigeon holes, or on the 
helves, peep holes are placed in the end walls of the furnace, in the 
axis of the pigeon holes. These latter are placed in the same line op-
posite each other, under the extreme ends of each shelf. The peep 
holes are made of 3-inch gas pipe, set in the masonry wall, and are 
ordinarily closed by iron plugs luted with clay. When any obstruction 
occurs, it is thus easily removed by an iron bar introduced through these 
holes. 
The air pipe before mentioned is below the grate bars. Branching 
from it, and leading to the pigeon boles, are hot-air flues which cool the 
wall, and help to render combustion complete, thus diminishing the pro-
uction of soot. 
The horizontal length of the ore chambers of this furnace is 11 feet 
6 inches, the width of each 25½ inches, and their height 27 feet 3 inche 
from the roof of the ore chamber to the point of discharge. 
The tile shelving of this furnace, as in others of this type, is placed 
at an angle of 45° with the side walls of the chamber; the details, 
however, are impler and cheaper than in the rest, and equally effective. 
The helve are placed 30 inche apart vertically, those on one wall being 
15 inche above tho e on the other wall~ and at right angles to them. 
The shelve are made of ordinary fire-clay tiles, 36 inches x 16 incbe 
x 3 inche . Four of the e make a length, and allow a 3-inch projection 
into either end wall. The e tile are not let into the side walls, but are 
upported at the top by light abutments which project from the ide 
wall. At the bottom th y rest at interval of 18 inche on ordinary 
firebrick , which re t , end on in depressiQn 1 inch deep, cut into the 
face of the next lower tile in th oppo ite wall. These bricks are pla d 
o a to dge on to the de cending column of ore, and have their upp r 
dge b vel d t oppo a little re i tance as po sible to it. A the 
rick are inch Ion ()' th re re ult an -inch shelf lit for the fur-
. Th whol con truction of the shelving i very imple, e:ffectiv 
ar th- 1 in xp n ive. 
di ch rg f thi furnace i arranged by upporting th nd f 
r c lumn. f h int rior ore hamber directly on th bottom f 
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the draw pit; the ore columns of the exterior ore chambers are sup-
ported by cast-iron plates. The latter hav:,e in front aprons, which dis-
charge the ore into the lower draw pits, and thence the spent ore frtnn 
both chambers is raked into the waste cars. 
This simple arrangement works very well. The ore lies at its natural 
slope until it is raked out, when the whole ore column gradually feeds 
down from bottom to top at the same rate. There are-four double dis-
charges on each side of the furnace. These are closed by sheet-iron 
doors to protect the workmen as much as possible from the hot dust. 
Inclined iron plates are placed in the foundations of the furnace to 
prevent the waste of mercury. This precaution is now always taken in 
building. 
Both fronts-the long sides-of the furnace are the same. From the 
fire chamber the hot gases pass through the lower third of the ore cham-
bers to the vapor chamber; thence they pass through the middle third 
of the ore chambers to a second vapor chamber.; thence out through 
the top third of the ore chamber again to a third vapor chamber, and 
thence out through the sheet-iron pipes to the condensers. 
The bottom shelf is made of cast iron to resist the abrasion that comes 
upon it ; it is not as much exposed to heat as are the upper shelves. 
Finally are to be mentioned the ore rakes. The New Almaden ore 
gives no difficulty from fusing or clotting, but occasionally in the winter, 
or when the ore is quite damp, it is found to cake together on the up-
per shelves so as to demand more or less barring through the peep 
holes. To obviate this, Mr. Randol introduced the ore rakes. One of 
these rakes extends through each of the ore chambers just above the 
topmost shelves, where the ore enters the furnace from the hoppers. If 
any caking occurs, a few oscillations of the rake break up the clumps, 
and .the ore descends regularly. 
Furnace No. 1 has a capacity of 36 tons per twenty-four hours. Its 
capacity is greater than that of any other furnace at the works except 
tierra furnace No. 3. When :filled with ore, as in working, No. 1 holds 
45 tons; hence, at the rate of 36 tons per twenty-four houTs, a single 
charge is in the furnace for thirty hours. 
The routine of operations at this furnace is as follows : 
The amount of 1 ton by volume ( a) of the spent ore is drawn alternately 
from either side of the furnace every forty minutes, or, in all, 2 tons (by 
a The granzita and tierra ores are not weighed at any of the furnaces, but are esti-
10ated by volume. This method, on account of the varying amount of moisture in the 
ore, probably gives better results than weighing without allowing for the moisture, 
and is sufficiently exact. The volume of the roasted ores is nearly the same as that of 
the raw ores in the case of granzita and tierraB. With rich g1·anza it is sometimes no-
tably less. Inanysuch case the amount drawnis diminished so astokeepthefurnace 
full. It wonld not do in such cases to increase the amount or frequency of the charg-
ing, as that would lead to a loss of quicksilver. The roasted ores contain a larger 
proportion of smalls than the raw ores, are more brittle, and have a rusted earthy ap-
pearance. 
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volume) are drawn from the furnace every eighty minutes. As a rule, 
250 pounds are taken from each of the eight draw pits on each side of 
tlle furnace at the times of drawing; but, if the regular working of the 
furnace demands it, this quantity is reduced or adjusted, so _that all 
shali be thoroughly roasted. The "slag men" thus have to draw and 
wheel to the dump 2 tons of waste every eighty minutes. 
Immediately after drawing from one side of the furnace, two carloads 
of granzita,, of 1,000 pounds each, and 20 pounds of coal are charged 
into the furnace from the hopper on the side from which the drawing 
took place. The bopper is then immediately filled for the next charge,_ 
both to warm the ore and to prevent the escape of fumes. Conse-
quently, each of the two hoppers is charged alternately every forty min-
utes, or in all 2 tons go into the furnace every eighty minutes. 
The firing is done every hour, three 4-foot lengths of oak or pine be-
ing ordinarily added to each side of the fireplace per hour. The amount 
varies with the state of the draft, the object being to keep the fireplace 
at a good cherry red. From 1¼ to li cords of wood are burned per 
twenty-four hours, according to whether an auxiliary fire is made in the 
flue or not. 
When No. 1 furnace is worked alone the labor required is as follows: 
One charger, at $2.50 per 12-hour shift; two slag or fire men, at $1.25 
each per 12-hour shift. 
In addition, the labor of two men at $1.25 per day, who tram ore 
a~ross from the ore chutes to the furnace, is charged to it part of the 
time. Besides firing the furnace and discharging tbe ore, the fire and 
slag men pile the fuel, send the ore up the elevator to the charger, and 
assist the weigher in weighing the quicksilver and tightening the flask 
stoppers. 
The results of this furnace for 1882 are given in the table on page 523. 
Oontinuous granzita furnace, No. 2.-Its construction and mode of 
operation are similar to those of No. 1. But, having only two ore 
chambers, it maximum capacity is only half that of the former; its 
di charging arrangement is simple also, owing to the small number of 
ore chambers. 
The hopper on top of this furnace are, as in No. 1, divided into com-
partment , so a to permit more control over the operation of the fur-
nac.e. The e compartment are charged with 1,000 pounds of ore (when 
in full op ration) every forty minutes, alternating 'Y,.ith each other. 
Thi would make the working capacity of the furnace 18 tons per 
twenty-four hour . A in No.1, the drawing precedes the charging. In 
drawing, 250 pounds are taken from each of the two end draw pits on 
each end of the furnace, or 1,000 pound (volume) at a time. 'rhe draw-
in , from ither end of the furnace, alternate with each other every 
f, rt minute . 
... o fuel i cbarg d with the ore of No. 2, but, in tead, coal i used in 
th fir pl . Th con umption of fuel is f cord of wood and 500 pounds 
of coal per twenty-four hour . 
No. 1.-Uranzitafurnace (contin·UQus). 
1 









itF~:::::::::~ :::::: :::::::: ::::::::::: ::::::::::: 1::: :::: : : 
April . . . . . . . . . . . . . . 26 43. 50 661. oo 704. 50 157 
May . . . . . . . . . . . . . . . 31 57. 75 1, 070. 50 1, 128. 25 394 
June . .. . . ... .. .. . . 30 M. 50 1,044.00 1,098.50 350 
July . . . . . . . . . . . . . . 31 94. 50 1,028.00 1, 122. [,0 292 
August .. ... . .. . . . 31 30. 75 1,095.50 1,126. 26 425 
October . ......... .. 31 87. 75 1,057.50 1,145. 25 563 
Quicksilver, flasks. 
+;I ~i g ~ 
11: 113 
54 54 








September . . . . . . . 3lr 42. 00 1, 052. 00 1, 094. 00 I 436 





































Per day . . . . . . . . . . . . 1 1. 98 33. 328 35. 308 13. 73 1. 50 15. 23 1. 664 1. 603 693. 209 2151 425. 75 1 7, 165. 50 1 7, 591. 25 12, 952 1 322 1 3, 274 : 1. 664 1 34.4. 75 1149; 040 
Per ton ofore ..... J ..... 
1





















2. 669. 71 I 2. 186. 7-8 
12. 417 10.171 
. 852 • 288 
I 















S Cleaning up 
{ condenser. 
No Hg for t en 
days from con. 
Not running. 















No. 2. - r: ranzila J iu ,,ace ( 0011fi111t01t8) . 
! I I Quicksilver, flasks . 
1882. :~ Gnwza . Total rl eoreon-1 Granz1t.a, ore, ~ 
! 





,T anuarr . . . . . . . . . . . 31 48. 00 372. 00 I 420. oo 
Febmai-y . . . . . . . . . . 28 83. 25 2b2. 75 336. 00 




April. . . .. .. . . .. ... 30 85. 25 878. 50 418. 75 
May . . . . . . . . . . . . . . . 31 . . . . . . . . .. 872. 00 872. 00 




July. . .... .. ....... 31 7. 50 360. 50 868. 00 
Au~net.... . .. ... . . 31 5. 25 868. 50 373. 75 
September . ..... . .. 30 7. 50 855. 00 862. 50 





November . . . .... . . ... . . ... . .... . ... . .. .. .. .. . . . . . ... . . 2 





...... ... .. 
































2. 45 28. GO 
2. 98 25. 25 
2. 93 23 .87½ 
2.48 21. 37½ 
]. 29 24. 37! 
]. 43 22. 75 
1. 08 23. 37½ 
1. 55 23.12! 
1. 70 23 
1. 53 1. 50 
---- -- ------· -· · ........ . ............ December . . ... .... .. .. .. .... . ... .. ..... ..... 
1 
. ... .... . . 
1 
__ , __ 
1 
275 240. 00 3,198. 50 3, 4.i8. 50 1,834 48 1,882 2. 09 217. 12½ 
P orda.y . .... .. ... .. 1 .878 11.631 12.504 6.669 .175 6. 844 2.09 .789 









a 15, ooo 
a 15,500 










j Cost of j Cost of I Total 
fuel. labor. cost. 
--- - - --- --
$226. 46 $232. 50 $458. 96 
207. 76 210. 00 417. 76 
206. 56 232. 50 489. 06 
189. 96 151.10 341. 06 
206. 80 155. 00 361. 80 
196. 45 150. 00 346. 45 
203 67 155. 00 358. 67 
200. 78 155. 00 355. 78 
205. 50 150.00 355. 50 
18. 50 12.50 26. 00 
. . .... .. ...... --- ------ - ................ 
----·---- ---------- · ·---------
1, 857. 44 11, 603. 60 13, 461. 04 
6. 754 5. 831 12. 586 
• 5401 . 466 1. 006 
Remarke. 
Low percentage of grau. 
za. eoreenings. 
Stopped. Seven flasks. 





















When No. 2 furnace is run alone there are em ployed : One charger and. 
two fire or slag men per 12-hour shift, or six in all per twenty-four hours. 
When No. 1 and No. 2 are both in operation at the same time labor i 
,economized by running them with the same force. For this purpose 
are assigned one charger, at $2.50 per 12-hour shift; four slag or fire 
inen, at $1.25 per 12-hour shift. In addition, two men are employed 
part of the time to bring the ore from the chutes to the furnace bins. 
Furnace No. 2 is not always run up to its full capacity, only enough 
ore being run through it to make up the desired monthly production. 
The results for the year 1882 are given in the foregoing table. 
TIERRA FURNACES. 
Furnace No. 3.-This is arranged on the same general plan as Nos. 1 
and 2, but is an earlier construction. It has three pairs of ore cham-
bers, placed side by side. This fact necessitates a different discharg-
ing arrangement from that used in Nos. 1 and 2. As previously stated, 
the two outer pairs of ore chambers for roasting tierras have 3-inch 
shelf slits, while the inner pair, originally intended for granzita, have 
.5-inch shelf slits. They are now a11 used, without alteration, for roast -
ing tierras. 
The feed hoppers, fireplace, pigeon-hole walls, vapor chambers, and ore 
rakes are entirely similar to those of furnace No. 1, and need no further 
remark. The discharging arrangements, however, merit further descrip-
t ion. Beneath each pair of ore chambers a discharge pit is arranged to 
contain the " slag" cars, which are run in from a track on the floor of 
the works. The whole furnace rests on the usual inclined cast-iron 
plates, in which are discharge slits for each pair of ore chambers; the 
outside ones are 3 inches and the middle one is 5 inches wide, and they 
run the whole length of the ore chambers. Immediately beneath each 
of these slits is its discharge apron. This apron is a cast-iron girder, 
flat on top, and three times as wide as the slit above it. It rests at 
-either end on rollers running on T rails, at right angles to its length. 
Each of these aprons is connected with a lever arm outside of the fur-
nace, by means of which a gentle oscillating motion may be given to it. 
When the apron is in its central position the foot of the ore column 
rests upon it, and runs out at its natural slope to each edge of the apron 
.and the whole ore column in the chamber above is maintained in equi-
librium. As soon, however, as an oscillating motion is given to the 
apron, the ore resting upon it is discharged in a shower from either edg·e 
of the apron into the car beneath, and the ore in both chambers, from 
bottom to top, descend . 
The partition wall in each pair of ore chambers rests upon a hollow 
ca 't-iron girder. A origina lly constructed, the space below this girder 
was entirely free to the passage of ore from either chamber. But with 
t his construction it was found that if in discharging the ore either 
chamber of the pair got the start of that in the other the velocity of the 
, 
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descending ore on that side would be great enough to impede the dis-
charge from the other side. This difficulty was obviated by Mr. Ran-
dol, who introduced a vertical iron plate bolted on to the middle of the 
hollow girder. In the outside pairs of chambers these plates reach to 
within 3 inches and in the middle pair to within 5 inches of the dis-
charge slits. This improvement entirely obviated the difficulty, and 
the discharge of this furnace is now effected with perfect ease and reg-
ularity. 
The setting of the tile shelving in this furnace and in No. 8 also 
differs somewhat from that of Nos. 1 and 2. The tiles are of peculiar 
shape, and were made to order for the furnace at Staten island, New 
York. Those for the tierra chambers were made 20-l6 inches wide on the 
upper face, while those for the granzita have a width of only 18f6 inches. 
Both are 3 inches thick. All of them were made with a square lug-
or shoulder, 5½ inches thick, and forming an angle of 45° with the 
face of the shelf. The width of the lugs on their upper face was made-
4l-6 inches or 6! inches, according. to the thickness of the partition wall 
between the chambers. The wall between each two pairs of ore cham-
bers was made 13¾ inches thick, and between the two chambers of each 
pair only 9¼ inches. Two shelves, projecting into adjacent chambers,. 
are set with their shoulders abutting against each other, allowing for 
¼-inch to t-inch joints. Consequently, the shelves form an integral 
part of the partition walls. Beneath the shoulders of the two shelves 
i set another tile, also 5½ inches thick. This has the form of a frustum 
of a wedge whose faces are at right angles to each other. This tile also 
forms an integral part of the partition wall, and projects out into either 
chamber so as to support the shelves from beneath for half their width. 
Beneath the supporting tiles are four tiers of :firebrick, then the next 
pair of abutting helf lugs and their supporting tiles, and so on. The 
ore chambers are 22{ inches wide, and the shelves in each wall are 21 
inche apart vertically. Thi method of setting has given good result , 
but the method now u ed in the latter constructions is to be preferred 
on account of cheapnes and implicity. 
In this furnace the fireplace i placed 5 feet above the discharge open-
ing, and the air to upply the fire i drawn through the hot ore below 
the lev 1 of the grate , o that the ore reaches the apron free of fume , 
and cooled t uch a temperature that it may be easily handled. In 
o . 1 and 2 the :fireplac i nearly on a level with the discharge open-
ing , and the ore cool mainly in the draw pit . 
Furnace o. 3 i entir ly inclo ed by a sheathing of heavy iron plate , 
olt d and cemente<l, with rn t joint . 
The normal ap city of thi furnace i 36 ton , the same a that of No. 
1. The furn c hold, , wh n und r working condition , 51 ton of ore; 
·barg i , ther for , thirty-four h ur in the furnace. 
Th routine f perati n at thi furnace i a follow : The apron or 
baking t bl under ach f the thr pair of ore chamb r ar op r-
\To. 3.-Triple tirrrafur·nace (continuO'U8). 
Ill 
! Quicksilver, flasks • 
.... 




January . . .• . . . . . . . . . . . . . 81 1, 116. 00 
February . • • • . . . . . . . . . . . . 28 1, 008. 00 
March...... ... ......... . 81 1,116. 00 
April . . . . . . . . .. . . . . . .. . . . 80 1, 080. 00 
May.............. . ...... 81 1, llf. 00 
JUDe . . . . . . . . . .. . . . .. .. . . 80 1,080.00 
July ............. .,..... . 81 1, 116 00 
August........... . ...... 81 1,116.00 ~ 
September............... 80 1,080.00 
October..... . . . . . . . . . . . . . 81 1, 116. 00 
November . ...... ., . . . . . . &O 1, 078. 00 






















Pe~ day ............ ••···· j 88f 12, o:;: g~ ·1· .. :'. ~~~1· .. ~:~. 

























1. 46 57. 00 28,000 $430. 56 $887. 50 $818. 06 \ Started October 12, 1881. 
1. 55 47. 00 a 28,000 395. 41 350. 00 745. 41 
1. 82 49. 25 a 81,000 421. 76 887. 50 80!l. 26 
1. 27 46. 75 a 30,000 402. 91 875. 00 777. 91 
1. 08 46. 625 a 31,000 401. 39 387. 50 788. 89 
1. 18 45. 00 a 30, ouo 390. 00 375. 00 765. 00 
1. 29 47. 50 31,000 408. 80 387. 50 796. 30 
1. 08 47. 00 31,000 405. 90 387. 50 793.40 
1. 71 45. 583 30,000 408. 50 875. 00 783. 50 
1. 88 47. 00 31,000 421. 50 387. 50 809. 00 
1. 36 45. 25 30, 000 406. 50 375. 00 781. 50 
... .. . ... ...... . •.. .•.........•.....•.....•••.........••.•...••... I Stopped December 1, 1882. 
523. 958 1 826, 000 I 4, 498. 28 I 4, 175. 00 
1. 569 976. 048 13. 458 12. 50 
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ated at intervals of ten or :fifteen minutes, so as to discharge from ea-0h 1 
ton (by volume) every two hours. After the ore has descended in t~e 
various chambers, subsequent to discharging below, 1 ton of ore 1s 
acl<l.ed to each of the three ore hoppers at intervals of forty minutes; i.e., 
each hopper receives 1 ton every two hours. The :firing and tramming 
of the spent ore goes on meanwhile as at the other furnaces. 
The fuel required at this furnace is 2¼ cords of wood per 24 hours, if 
that alone is used; but if coal is used, the amount of wood is reduced 
in proportion. The working force is: Two men, at $2.50 per 12-hour 
'hift ; one man, at $1.25 per 12-hour shift. 
The campaign for 1882 is shown in ·the preceding table. 
Furnaces No. 4 and No. 5.-Furnace No. 4, one of the old intermittent 
furnaces, is now torn down. No. 5, the first experi~ental form of the 
Hiittner & Scott, still exists. As already stated, this furnace at first 
had a capacity of only 6 tons. It was afterward enlarged so as to 
handle 12 tons. In this shape it gave excellent results, as far as good 
roasting was concerned, but on account of its smaller size it was not 
" O economical of labor and fuel as the larger ones, and is now seldom 
used. 
Furnace No. 8.-Thi tierra furnace completes the list of the fine-ore 
furnaces. This furnace is really two separate furnaces, like No. 5, on 
a larger scale, united in one structure. Each furnace contains a pair 
of ore chambers, its own fireplace and vapor chambers and exit flues, 
entirely distinct from tho e of the other. These two structures stand 
united, end to end; the fireplace at the outside, and the exit flues and 
,apor chambers oppo ite the :fireplaces, side by side, in the middle. A 
a con equcnce, there re ults a long, high, and narrow structure, 37 feet 
y 9 fi et 5 inche on the ground plan by 41 feet total height above the 
round line. 
The s tting of the tiles i like that of No. 3. The ore chambers are a 
little narrow r, b ing 18 inche wide by 8 feet 8 inches long, and 30 feet 
U inches high, from the di ·charge slit at the bottom to where the ore 
ent r at the top. Th fireplace are 3 feet above the discharge, so that 
tlJ lower part of th furnace act a a cooling chamber. The la t dis-
ch rg tile i made of ca t iron. Thi furnace is iron-clad, and, like 
o. 3, i a beautiful pi c of work. 
Th l ation f th furnace in the work and its Rhape nece itate an 
arrangem nt for di ·charging different from that of No. 3, although it 
operat on th ,' me principl . The two ore chamber are in th ame 
that f h b rizontal an l v rtical axes of the furnace, and di · 
·bar tbr o-h 3-in •h r lit , a in o. 3 furnace. B n atb ach of 
th m i pla · r . b kinO' tabl , lik tho of No. 3. But in-
:t f r ~.· i n r 11 r ·, . in tb latt r, th y ar carri d by a heR~'T 
f ., ir n . 11 lik th , 1 tt r H. Tb fi t f tbi fram r t 
rin , whi ·h · 11 w th am o ·cillating m tio that wonl 
y th r ll r,'. Th c nnectiug bar of the H pi c i' b 1 
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tue lernl of the floor of the works, and above it is a fixed platform with 
rails, on which is bome a low truck, with rails upon it, at right angles 
to those on which it runs. By means of this device a long slag car (7 
feet long) may b,, run sidewise from the floor of the works on to the plat-
form above th e H piece directly under the discharge apron. By means 
of levers, a slight oscillating motion may now be given to the H piece, 
and to the apron which it. carries. As a consequence, the ore is dis-
charged in a shower from either edge of the apron into the car, just as 
in No. 3 furnace. While drawing either of these furnaces the draw pits 
are closed to keep in the dust. 
The normal capacity of No. 8 is 24 tons per ~4 hours. When full it 
bolds 32 tons; consequently a charge stays in the furnace 32 hours. 
The boppers of each pair of chambers receive each a charge of 1,000 
IJOunds per hour, or the double furnace receives 1 ton per hour. The 
hoppers are charged alternately. The discharge is effected by the shak-
ing table, as in No. 3, by working it every 10 or 15 minutes. 
Two cords of woo<l are burned per 24 hours, and the working force of 
tlie furnace is: One man at $2.50 per 12-hour shift; one man at $1.25 
per 12-hour shift. 
The campaign for 1882 appears in the table on page 530. 
The saving effected by the Hiittner & Scott furnaces may now be 
readily calculated. If they were not in use, the old intermittent fur-
naces being used in their stead, and the ore being made into adobes, 
we should have, per ton: 
Cost of roasting in intermittent furnace .. ...... _ . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . $1. 368 
Cost of making tierras and granzita into adobes , ..................................... . • . . . . . 500 
Cost of handling adobes.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450 
Total cost per ton.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . •. . • . 2. 318 
26,688.25 tons at $2.318 ........ . : . . . . . . . . . . . . ... .. ..•.......... .. . .. . . . . . . . .. . . . . . . . . . . .. . . . 61,863.364 
Present actual cost in Hiittnel' & Scott furnaces... . ............... ... . .................. .. 20,031.850 
Annual saving. ... . ... . ..... ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 831. 514 
If, instea.d of treating these ores in the intermittent furnaces, the 
adobes were roasted in the monitors, we should have, per ton: 
Cost of roasting in No. 7 and 9 fa.maces .... ... . ....... . ....... .. ........................... $0. 953 
Making and handling adobes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 950 
Total cost per ton. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 903 
20,688.25 tons at $1. 903 ......... ........................•.. ... ......•................ , •.. .. 50,787.74 
Present actual cost in Hiittnor & Scott furnaces . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 20, 031. 85 
Annual saving ........ ....... . . ............ ............................ : ............. -30, 755. 89 
Instead of making the granzita into adobes, this might be in part 
roasted directly in the coarse-ore furnaces, and the latter might be 
made to work faster than with rich granza. These modifications might 
lightly reduce the above saving; but the difference would be slighti. 
In making this comparison, the foterest on the furnace plant has not 
l>een meutioned. 
















No. 8.-Double tierrafurnace (continuous). 
Quicksilver, flasks. 
I Wood I Coal I Uost of I Cost of I Total ~ burned, burned. fuel. labor. cost. 
1il cords. .; .4'i Q 
0 ..... 
'""' 0 0 4) 
00 8 ~ 
lfr:: :::\:: :i:•Jt::::•••J:••: •: 1•i• ·:::·} .. •••••••• •::;t••• ••:•?•• +•+• +:::::: {•: :m:; 
~~;.: :: :::::: ::: :: 201 , ..... 42s:oo 1· ····40· .. ~- 4g ···.«- f -ii:oo· ·-----·--· ·- --- ···---· ·----------· ·-----·---- · 
Ani,ist . _ . . _... . . 31 i 744. oo 192 . . . . 192 . 99 62. 333
1
. --- - - . - -
September .. . ... . ! 24f 1 585.00 I 28i ·-·· 284 1.86 50.583 · - -·-· --· October . . . __ ... . 18¾ 1 420. 00 129 . . . 129 1.17 38. 25 ________ .. 
No,·ombor .. . .. .,' SO 718.50 2~3 3 246 1.31 60.25 ---· ·-----
Decombor .. - . .. .. 31 1 744.00 244 ·· - · 244 1 1.25 62.50 ------·-·· 
·~1
1
· 3,oao.5o I 1,141 93 1,234· - ,-1-_2_9_8 314-.-91_6_1 __ -__ -. . -.--. . ,----
Per day._ ....... _.. I 23. 424 . .. . .... __ . . 7. 949 1. 298 2. 028 ... __ . ... . 
Per ton of ore .. _ .. · j ·. . . . . . . ..... ... _· I · . . . . . . . . . . . . 339 1. 298 . 086 ........ ·: 
$:I:: I $140. 00 $377. 80 232. 50 594.04 
au I 185. 00 488. fiO 229. 25 138. 75 368. 00 
361. 50 225. 00 586. 50 
375. 00 256. 25 631. 25 
1,868.59 I $1,177.50 3,046.09 
12. 036 7. 584 ]9.620 
. 514 . 323 . 837 
Remarks. 
m::!a!drn~t~~~ed
0t nc~~~~cf. up. Af-
Fired July 11, 1882. No Hg for seven clays. 
Stopped September 25, 1882. Eighty-nine 
flasks cleaned up. 
Fired G JJ. lll., October 12, 1882. Ten flasks 












































































--,---, f--- - - -1----- 1--1---1 -----,----- ----- --- --
No. l ......... . .. . . . 
No. 2 .. . ... . .. .. . . .. .. . . 
No. 3 . .. ... ... . ..... .. •. . . . .. 
No.8 .. . .. . . .. . . . .. ...... . . 
7 1 ::15 425. 75 1 Gr. 7,165.50 
9 ~75 240. 00 Gr. 3,198.50 
11 334 . . . . . . '.rr. 12, 022. 00 
6 155. 25 . . . .. . . . Tr. 3, 636. 50 
1,591.25 2,952 I 322 3,214 
3, 438. 50 1, 834 1 48 1, 882 
12,022.00 4, 238 141 4,379 
3, 636.50 1, 141 93 1, 234 
TotalM . .. .... .. .. . 
A veraj!;e per ton of granzita 















326, 000 4, 493. 23 
. ...... .. . . ... 1,868. 5!1 , 
611, 040-- Jo,888. 971' 
22. 895 . 408 
Resm11e of costs per ton, granzita aud tier-rajurnaces. 
Quicksilver, fl.asks. 
Wood 
Furnaces. burned, Coal, etc., Cost of pounds. fuel. 
Tota.I. Per cent. cord. 
I I I 
Fm-,,ace No. I (a/, o,paoity 36 ton, pe, 2' hom·, . .. . .... .. ..•....... . ...... . ........•..• · 1 .431 1. 664 ~,. I 19 ~· I ~ •. , I Furnace No. 2 (a), CaJ.)aCity 12 tons per 24 hours . ... ............. . ... ..... .. ....... .. .... . 447 2. 09 ·0631 39. 551 . 5401 Furnace No. 3, capacity 36 tons per 24 hours . ... .. .... ....... ..........•.... . .. .... . .... .459 ..... . ..... . : iiio ..... ~'.·. ~~'.. . 374 Furnace No. 8, capacity 24 tons per 24 hours . ........................................... .339 1.298 . 514 
$2,186.78 
1,603. GO 





















a In working Nos. 1 and 2 the labor of tramming the ore from the chutes to the furnaces has been included. The low cost of working No. 1 is partly due to the fact that 



















Smm1wr!f of all the furnace records. 
GO ri 
I Total o«, 
QnicksHver, flasks. 3 M ..; bl>.,; -- - - -- --.... A ~§ ..; Coal and 
i•'uruncen. 
oci Granza, .s A.., ~ ,voocl, uharcoal, Cost of Cost of ~e tons . 0 <U. tons. "i:i cords. fuel. labor. <U "' pounds. ,D I fi5 t:a I i t '.5 
<lJ 
a I::: Q ... 
~ CD 
CD 
0 O 0 CD 
H 8 0 rn 8 Po; 
---- ------- ---
ndta l\lld tierra . 979. 26 a 606. 75 .. · -- · 26, 022. 50 26, 688. 25 10,165 604 10. 769 1. 543 l, 400. 749 611,040.00 $10,888.97 $9,142.88 
UZI\ . .• ... ......• 694. 42 6,644.80 6, 644. 80 11,675 494 12,169 7. 000 420. 375 211,944.00 3,659. 65 2,671.25 
1rmittent ... .. .. . b 138. 08 2,259.30 297. 60 183. 6J 2,740.55 5,108 24 5,132 7. 160 413. 500 - - - -·-···· · · · 2,425.87 1,324.50 
ton or ore .. ____ . . ~·-~~~~ ?5 '· ~·- ~~~~ ~~- . ~~'.·. ~~ . ~~~ ~~~-. ~~ 36,07f 60 _ ~~·-~~ _ . ~~~~~. I 28, 010_ 980 ~: i~~ I 2, 234: m 822, 9gt ~~4 $16, 974: !~05 $13, 138: :~2 
The total cost of cleaninir condensers and working soot from all furnaces was $2,509.85, or per ton of ore ............ .. ................ 
Total direct cost of working one ton of ore ... . .. ..... .. .. ..... ... .... .•.....•............•..... . ......... . · ... ............•.......•..•.. 




























ln concluding this account of the Buttner & Scott furnaces, it may 
be said that they fulfill every requirement of a good roasting furnace. 
They utilize the priucipJ.e of opposed currents; they allow the ore to 
~ool in the furnace itself before it is drawn, thus utilizing the heat and 
removing the last traces of quicksilver. The stirring of the ore is en-
tirely automatic and very thorough; for each time the ore passes from 
one shelf to the next opposite one, the ore, which lay at the bottom of 
the layer, next to the surface of the upper shelf, and out of contact with 
the air, is on the next lower shelf brought to the surface, where it is 
directly exposed to oxidation. This operation is repeated from 20 to 30 
times, according to the number of shelves in the chamber. The feeding 
.and discharge of ore and waste is effected with a minimum of labor and· 
without the use of power. Add to this that the whole operation is under 
perfect control, and may be modified at any time, according to the nature 
of th-e ore, without stopping the regular operation of the furuace; and 
.also, that the repairs are mostly slight and inexpensive, and we have a 
very good showing for the furnace. 
The ores of New Almaden cannot be regarded as difficult to roast, and 
the results obtained with this furnace might be thought not to apply to 
other ores. The fine ores at the Sulphur Bank quicksilver mine, bow-
-ever, present many difficulties. Thus at times they contain alkaline 
borates, and so frit to a pasty mass; at other times the lumps, decrepi-
tate in the furnace to a dust as fine as ashes; this, when red hot, runs 
.almost like water. After much difficulty with other furnaces, the Hiitt-
ner & Scott furnace was introduced there, and gave excellent results. 
It is not improbable that this furnace could be used with advantage in 
roasting fine ores of other met~ls. Those which are not too fusible could 
probably be treated in it with success. 
The preceding summary gives the results of the year's run of all the 
furnaces for 1882. 
During the year 1883 the furnaces were in operation as follows: 
No. 6 made 27 runs. 
• Nos. 7 and 9 worked continuously 365 days. 
No. 1 ran 286 days. 
No. 2 ran 253 days. 
No. 3 ran 188 days. 
No. 8 worked 352 days, ~,nd was stopped only for lack of dumpiug·-
Toom. 
The production was even greater than for 1882, the total amount 
treated for 1883 being: 
Tons of 
2,000 pounds. 
Grnnzn. · · · · · - - - -- --·· -- · - - · - - - --... -- .•••••.....•. --· .••••• --·· •• . •. . . . . . . . . . . . . • •. .•••.. 10,428.40 
Terrero ...... .........•.•.....•......•..••••••• ·-·· __ ·-·- •••• _.. .• • . . .. . . . . . . . . . • . • • • . • . . 185. 35 
Granzita and tierras ..... . .......• _................................................. •• • . . 27, 967. 50 
Total 38,581.25 
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The product of quicksilver for the year was 29,000 flasks at 76½ pounds, 
or a yield of 2.875 per cent. 
Fina.Uy, in concluding the present paper, the best idea of t,he increased 
efficiency of the new furnace plant may be gathered from the rec,,ent 
great increase in the amount of ore annually reduced. Thus, in the 
year from July, 1850, to July, 1851, there was reduced less than 2,500 
tons of ore, an amount less than one-fifteenth that of 1883. From 1850 
on,. the quantity annually reduced increased, wit,h some interruptions~ 
until in 1776 it rose to nearly 17,000 tons. Since then, that is during 
the seven years ending with 1883, this amount has been more than 
doubled. This great increase has beeu, of course, mainly due to ~be 
introduction of the new furnaces, which allowed the treatment of large 
quantities of low-grade ores that formerly could not be handled at a 
profit. 
The percentage yield of the ores treated has gradually decreased from 
36.74 per cent. in 1850-'51 to 2.875 per cent. in 1883. This reduction in 
the content of the ore is, however, partly due to the great increase in 
the amount of low-grade ores now treated, although the richest ores 
now run only as high as 6 or 8 per cent., as against 36. 7 4 per cent. in 
185~ . ' 
The greatest annual yield of quicksilver since records have been kept 
(since 1850) occurred from 1861 to 1866, when the rich Ardilla and Santa 
Rita labores were being worked. The highest annual yield of the mine 
now on record was in 1865, when it produced 47,194 flasks. The quick-
ilver product then declined till, in 1874, it bad sunk to 9,084 flasks, an 
annual yield, however, that has been exceeded by only three other mine 
in California. From 187 4 to the close of 1883, owing to constant improve-
ment in the furnace plant, the a,nnual yield has steadily increased, 
almo t without iuterruption, till in 1883 it reached 29,000 flasks, tbe 
highe t product ince 1866'.(a) 
Miscellaneous tati,tics of the New Almaden mine.-Thefollowing table~ 
whi h xplain them elve , give the labor account and enumerate the 
machinery of the min , with analy es of the cost of mining, for the 
month of October, 1884. The figure" have been kindly furnished from 
th~ company' book . 
a Professor Christy's paper ends here. 
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Analyses of .New .Almaden 1nine pay roll, October, 1884, showing avemge wages earned per 
. day in the various departments. 
Less 
Number mining ma- Net Average Items. of days Earnings. terials/nr- earnings. earnings worked. ch~se by per day. 
mmers. 
Office and surveying .................... 119 $477 00 .................. $477 00 $3 99 
Machinists and helpers ... .............. 132 439 77 ------·----- 439 77 3 33 
Engine drivers .......................... 336 840 00 ------------ 840 00 2 50 
Firemen ........ ..... . ...... ............ 242 405 00 ------ ·---- - 4u5 00 1 67 
Blacksmith ..•.......................... 217 420 61 ------·----- 420 61 1 94 
Blacksmith's helpers .. .. ...... ..... . .... 254 244 09 -----------· 244 09 96 
Carpenters ............................. . 87 253 75 ------------ 253 75 2 91 
Laborers in '' la bores" ............... . .. 5l4 1,143 50 $76 30 1,067 20 2 03 
Surface laborers .............•.•........ 799 1,582 19 ------------ 1,582 19 1 98 
Laborers cleaning granza and handling 
tierras ................................ 798¾ 1,277 49 ·----------- 1,277 49 
Timbermen and sbaftmen, including 1 60 
mining captain and foremen . .......... 509 1,510 00 ................. 1,510 00 2 95 
1naste1·s ........... ...... .... ....... . .. .. 215 
I 
565 37 ................... 565 37 2 63 
Tramming on day's pay .. ............... 179 402 75 -----·------ 402 75 2 25 
Tramming by contract ....... . .......... 594 1,489 21 76 00 1,413 21 2 38 
Drilling by the foot ..................... 2,337 6,337 29 320 00 6,017 29 2 57 
Miners on yardage con tracts .... ........ 1, 842½ 6,092 62 680 25 5,412 37 2 93 
~te~i~1rib;;te::.:::: :::: :: :: ::: : : :: : 
260 699 40 35 65 66R 75 2 56 
408 702 87 52 00 650 87 1 59 
i~~;<>;::i~!1~~dei·~- ~t-~h~ft~: ::::: ::. 502 749 25 -----------· 749 25 1 49 285 653 00 653 00 2 29 
Transportation by teams, contract per 
ton .................................... ------------ 770 79 770 79 --------- -----------
Total ···· ----- --·--- -------- ----·· 10, 640! 27,055 95 1,240 20 25,815 75 ... ............ . 
Less transportation ... .- . . • . . . . . . . . . . . . . . . . . . . . 770 79 ..•..........•...•.......••..••..••. 
I 26, 28s 16 . . • . . . . . . . . . . . . . . . .. . . . . _ ..... _ •..•. 
1~----I 
.Average per day of' whole .............. . ...... ······I· ..... ··=............ .... .. ... . . . 2 47 
Machinery in use and on hand, .New Almaden mine, Octobe1·, 1884. 
Location. 
Randol shaft .......... . 
Santa Isabella shaft ... 
Wa hington shaft .... . . 
Buena Vista shaft .... . 
Miscellaneous . ....... . 
Desm·iption. 
~~~~1~f :h!;De°i;gii~·~::::: ~: ~: : ~::::: :::::: :::::: :: : : : :: : : : 
Feed-J?nmp engines for boilers ..........•....•............. . 
t~rst~f :~:~:. ::: : : ~: :~~ :::::: :::: :: :::::: :::::: ::::::: :: : 
~{~?i!:::::: ~~iiii~:::::::::::::::::::::::::::::::::::::: 
i!f.~~l;tt i,L ::; : : : : ;;: ; : ; :: : ::::::;;:: ;;;;::;::;i 
Pump to f~rce ~ater frnm springs to tank . .. ..•...... ....•. 
Ingersoll all' drills . .... . ...... . ...........................•.. 
f ;~!itfafrt++?ii!L!L/\/ 
ii1JI:r~~~:~ til:i~e::: .·:: :::::::::::::::::: : : : : : : : : : : : : : : : : 
Small engines for fans in mine ....• . ........•...... ......•.• 
Engine to rnn soot pans at hacienda ........•.••.. · .. . .....•. 
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Cost per ton for extracting rock ore from New .Alntaden mine, October, 1884. 
Total mine pay roll ..................................•. • ••.••••.•.••••.....•.•..••.•••...... $27, 05;';. 95 
Less surface mining, cleaning ore, and tnmsportation. ... . .. ...... .••• .. .•••.• ... . .. . .. . . . . 2,797. 53 
24,258.42 
= 
Rock of all de1.1cription hoisted from mine (tons) . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . 9, 503. 35 
·.Cost per ton for deep mining, $2.55, distributed as follows: 
Office .. ......................... . ...... ....... .•..... ........... ... ........•. 
Machinery and pumping ...... ................. ...... ........•............. . 
Mechanics ...... .. ...................................••.•.................... 
Surface labor ............... ... .. . ....... . . . .... .......... .. ................ . 
Tramming and skip .filling .... ........ ..... .. ............... . a ••••••••••••••• 
Timberman and shaftmen ...... .... ..... ............... . .............•....... 
Excavating rock, etc., from mine ................ .... ....................... . 
$677. 00 














24, 258. 42 2. 553 
Surface mining (open cut and old dump) .................................... . 
Cleaning ore and transportation ........• ...... ...... .... .... ......... ....... 
Complete labor cost per ton, including surface mining .. .... ..•..... ... ...... 
.A. verage supplies cost . . . . . . . . . . . . . . . . . ......................... .. ....... . 
Grand total cost per ton, including cost of supplies used (estimated 











.Analysis of New .Alrnaden hacienda pay 1·oll, October, 1884, showing averu.ge wages earned 
per day in the ·r:arious depm·trnents. 
Items. :.~f:lJ. Earnmgs. per day. 
I 
Number . Average 
----------------------------- --------
Office (including superintendent's salary) ... . ... .................... . 
Masons . ... ... ............................................. . ...... . . 
l~~;::t~r!~~·'_V·e·i~~~~~::::: :: : :: :: : :::::: ::::::::: ::: :: :: : ::::: ::: : :: 
~1:i:nf;!~.~~~ ~~~~~~ .-. : : ::: :: :: ::: ::: :: :::: :: :: : : : ::::: :::::: :::::: 
Stnllle ............ ...... . ...........•........•......•...•............. 
Ca.rtmen . ................ . ..... ...•. ...............•........... . ... . . 

































:Railr ;'g~~li;;e·coii~t·by.ton::::::::::::::::::::::::::::::: ::::::: y~ ~~1r~ 
Tota.I P"Y roll . -.•....... -. . . . . • • • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . 4, 509. 59 
NICKEL. 
BY ,v. I'. BLAKE. 
Production.-The only metallic nickel now made in the United States 
is produced at the American Nickel Works at Camden, New Jersey, 
opposite Philadelphia, by Mr. Joseph Wharton. These works, which 
suspended operations at the close of the yea1' 1882, were started again 
in 1883, but did not reach full activity until October, 1884. In 1883 and 
]884 the ore treated was exclusively from the Gap mine, Lancaster 
county, Pennsylvania. The production of the works since 1876, includ-
ing the nickel contained in copper-nickel alloy, was as follows: 











1876 . ...........•.. ·-· ·-·-·· ··-··· ..•.............•.....•. ..... ... ... 
1877 ..............••.... ··•••· .•••••.•.••• ······ · .....•... . .. · .. · · · · · 
1878 ................... ....••• .... .•.••.... . .... · ········· ····· · . .. - . 
1879 ... ............. ... ..• ..••..•.•....• . . .... .......... .. . ........ 
1880 .......................••..••.••...••. ······ ...... . · · · .... · · · - · · 
1881 ...... ~. . . . . . . . . . . . . . . . . . . . . . . . • . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . 
1882 . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . • . 277, 034 1, 582 
1883 ...•.... •.• •...•....•.•....•...•..••......• , 6, 500 52, 300 



































1. 33 I 2. 113, 831 
It is impossible to state the quantity of nickel salts produced in the 
United States annually. They are made by several different establish-
ments. The quantity is estimated to be from 15,000 to 25,000 pounds. 
The nickel deposits of the Pacific slope have not yielded more than 
experimental sbipmentR to European refiners. The silicated ores of 
Douglas county, Oregon, similar in their nature to those of New Cale-
donia, but oflower grade in metal, are believed to exist in large quan-
tity though scattered over a considerable area. At the present prices 
for nickel these ores are not invitiug to eastern smelters. The arsenides 
of nickel of Churchill county, Nevada, are rich and may prove to be in 
abundant quantity, but it is yet uncertain how far the veins or deposits 
may be relied upon for a regular supply. 
Oonsumption.-The greatly increased consumption of nickel which 
was hoped for as a consequence of the discoveries that made the metal 
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practicably malleable bas not been realized. The slow increase of con-
umption is considered to be due alone to a slightly larger use in the 
olcl channels of German silver manufactures, nickel plating, and coinage. 
Nickel coinage of the U11ited States. 
I 
]'ve-cent nickel coins. 
Calendar 
yeart1. 
One-cent nickel coins. I Three-c~~fns.nickel 
Pure nickel 
---------1--------1---------1 consumed. 
Pieces. Value. Pieces. Value. Pieces. I Value. 
- ---'.__!_ ___ ! _____ 1----1----!----l-----11----
1 Troy ounces. 
1 57 ........ . 17, 432,410 $174,824.10 ··········· ........................ ··••········· 813,931.92 
1858........ 24,600,000 246,000.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443,731. 22 
1859 . . . . . . . . . 86, 400, 000 864, 000. 00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 637, 687. 87 
1 60 . . . . . . . . 20, 506, 000 205, 660. 00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 891, 199. 20 
1 61.... . ... . 10,100,000 101,000.00 . .. . . . . . . .. . . . . . . ... . . . . .. . . . . . . . . . . . . . . . . . . . . . . 181,076.48 
1862 . . . . . . . . . 28,375,000 288,750.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505,320.42 
186a . . . • . . . . . 49, 840, ooo 498, 400. oo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 895, 878. 04 
1 64......... 18,170,000 181,700.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237, 049. 00 
1 65 .........................•.. . ...... 11,882,000 $841,460. 00 . . . . . . . . . . . . . . . . . . . 165, 955. 08 
1866 . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . 4, 801, 000 144,030. 00 14, 742, 500 $787, 125. 00 674, 553. 54 
1 67 ............... . ......... ... .. .... · 1 3,915,000 117,450.00 80,909,500 1,545,475.00 l, 307,978.08 
1868 ...................... · ............. 3,252,000 97,560.00 28,817,000 1,440,850.00 1,213,242.65 
1869 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 604, coo 48, 120. 00 16, 395, 000 819, 750. 00 688, 017. 22 
1870.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,335,000 40,050. 00 4,806, 000 240,300. 00 215,171.62 
1871......... . . . • • . . . . . . . . . . . . . . . . . . . . . 604, 000 18, 120. 00 561, 000 28, 050. 00 82, 591. 00 
1872. .• . . . . . . . .. . . . . . ... .. . .. . . . . . .. . . . 862,000 25,860.00 6,086,000 801,800.00 215,303.32 
1873......... ...... . ...• .. . .. . . . . ... . .. 1,173,000 35,190.00 4,550, noo 227,500.00 110,057.07 
1874......... . . . . .. . . . . . . . . . . . . . . . . . . . . 790,000 28, 700. 00 3,538,000 176,900.00 76,772.51 
mL::::::: ::::::::::::: ::::::: :::::: m:~~~ :: ~~i: ~i ~: m: iii ~~gg~: ~~ 2~: m: :~ 
1877 ..... . .. . ..•.•.............. . ······ 
)878 ..... . .. . ............. .. . .. ....... . 
1879 .... . ..... .. . .......... .... ······ · 
1880 ... .. . .......••......... . ..... . 
18 1 .... ... ........ .. .......... •...... 
1882 ... . .......... .. · ·· · ·· . ..... .. .... . 
1883 ....... .. ...... . ............ . ..... . 















2,a5o 11-ij,o· ·· ·····1sioo 
29,100 1,455.00 l, 821. 78 
19,955 997. 75 1,197.32 
72, 875 3, 618. 75 10, 505.16 
11, 476, 000 573, 830. 00 344, 558. 71 
22, 909,421 1, 14t:l, 4il. 05 703,426. 78 
11,278,942 563,697.10 399,141.87 
Total. ... 200,488,410 ?• 004, 834.10 81,298,631 988,958.93 160,825,743 
1
8,041,287.15 9,790,118.99 
The total annual con umption in the United States is now probably 
nearly 400,000 pound . It cannot be ascertained by adding the pro-
duction of th American ickel Works to the imports, because in the 
ar, 18 3 and 1 4 the market wa upplied in part from the accumu-
d tock f previou year . 
y the t riff of 1 3th duty on nickel ores was reduced from 25 cents 
1> Jr p und to 15 nt p .r pound, and the price bas fallen from an av-
rag of 90 c nt p r pound in 1883 to an average of 75 cents p r pound 
in 1 4. 
Th Eur pean 
ortati n from 
ruling the 
n umptjon f nickel i now upplied mo tly fr m the 
al d nia, nd it i po ible that with the low 
mark t may oon be upplied from the 
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ham and other places in Connecticut; Mine la Motte, Missouri; and 
in California, Nevada, Oregon, Colorado, and New Mexico. The follow-
ing notes are supplementary merely: 
Discoveries of nickel ore in Nevada.-During the past few years num-
erous discoveries of nickel ores have been reported from various parts 
of the. country, but chiefly in the State of Nevada. Reference was 
made to some of these discoveries iu the report for 1882. Samples of 
the ore from one of the claims located in Cotton wood canon, Churchill 
county, have been analyzed by Prof. S. B. Newberry with the following 
results: Tho samples weighed in the aggregate about 30 pounds. The 
~ample from the greatest depth was nearly pure niccolite, which in the 
upper levels shows the effects of oxidation and hydration. The speci-
men from the 10-foot level consists entirely of the hydrated arseniate, or 
annabergite, containing 33. 71 per cent. of nickel oxidL, 36.44 of arsenic 
add, and 24.77 per cent. of water. The source of these ores is near Love-
lock's Station, on the Central Pacific railroad, and it is stated ti.tat Mr. 
Lovelock has located twenty-eight claims on the mountain traverseu by 
the veins, and that he bas sent a sample lot of 15 tons to San Francisco 
which averaged 12 per cent. nickel, 7 per cent. cobalt, and ~9 per cent. 
~m::enic. .A company called the Nevada Nickel Mining Oompa11,y 1has 
UL't·11 incorporated in California. 
Nickel ore in the high Sierra of Oalifornia.-In October, 1883, di8cov-
eries .of nickel ore were announced as made in the belt of country lying 
east of the higher granitic mountains of the Sierra Nevada near Mono 
Jake, and extending from Green creek north of Castle peak to the north 
fork of Rush creek south of Mount Lyell, a distance of 25 miles. .A 
vein opened on White Wolf mountain 5 miles south of Tioga hill is said 
to have yielded samples that assayed 34 per cent. of nickel. Nickel ore 
is also reported from the vicinity of Carisa creek in southern California, 
near the desert, and at White river in Kern county. 
FOREIGN NICKEL (See also 1882 report). 
Loicer Oalifornia.-A nickel discovery is announced at Real del Cas-
ti11o, Baja California, 400 miles southeast of San Diego. One of the 
veins is said to contain arsenide of nickel yielding masses that assay 
from 20 to 45 per cent. of nickel. Another carries copper nickel. Em-
erald nickel is nlso found. Nickel ore is also reported from near ·San 
Rafael. 
New South Wales.-A massive variety of copper nickel of a copper-
red color, in partR incrusted with pale green nickel hydrate, is reported 
from near Bathurst. It was found t:y the Rev. W. B. Clarke on the 
Peel river and to the southwest of Wea.re's creek. It is yellowish white 
in color and highly magnetic. 
Great Britain.-The production of cobalt and nickel ore in Great 
Britain during the year 1882 was 38 long tons, valued at £241. Ther.e 
is a mine of cobalt and nickel in Wales, the Fod Hirra.dag Cwm Rhyl, 
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which produced 49 tons 9 hundredweights of ore in 1883, valued at the 
mine at £173, and containing 1.4 per cent. cobalt and 0.7 per cent. 
nickel. This was the total production of the United Kingdom in that 
year. 
Prussia.-It appear that in 1882 there were seven mines producing 
nickel ore, and in 1883 five mines. The yield amounted in each year to 
14 metric tons. 
France.-Thirty metric tons of nickel were made in France in 1882. 
REOENT NOTES ON THE METALLURGY OF NIOKEL. 
Concentrating nickel mattes by the pneumatic process.-The Engineering 
and Mining Journa,l says: '' M. Manhes has recently begun a series of 
experiments on a small scale in concentrating nickel mattes from the 
Berg Seljen mines in Norway. The Genie OivU tells us that M. J. Gar-
nier, o prominently identified with the development of the famous 
min s of New Caledonia, and M. G. Salomon brought a lot of 16 per 
cent. nickel matte from Berg Seljen. Three lots of 50 pounds, melted 
in a crucible, were run into a converter of the same type as that used 
for Be semerizing copper matte, the prest:mre of the blast being from 
350 to 500 millimeter of mercury. The blowing was stopped respect-
ively in five, ten, and fifteen minutes with the following results: 





























necessary to incorporate in the melted nick~l some substance which has 
a strong affinity for oxygen, and also for the nickel itself. According 
to the Oomptes Rendus, M. Garnier finds that phosphorus serves both 
of these purposes Yery satisfactorHy, producing effects analogous to 
those of carbon in iron. If the phosphorus does nob exceed .003 per 
cent., the nickel is soft and very malleable; above this quantity, the 
hardness increases at the expense of the malleability. Phosphorized 
nickel, when alloyed with copper, zinc, or iron, gives results which are 
far buperior to those that are obtained from the same nickel when not 
pbosphorized. By means of the phosphorus, Garnier has been able to 
alloy uickel and iron in all proportions, and always to obtain soft and 
malleable products. 
Nickel-plat-ing zinc.-According to a process for nickel-pla.ting zinc, 
described in the Journal of the Society of Chemical Industry, the zinc is 
cleaned by dilute hydrochloric acid and thoroughly washed. It is then 
hung iu the nickel bath for a short time, and on taking out is rinsed 
and thoroughly scraped, so removing all that does not adhere firmly. 
This is repeated t.ill the zinc is covered with a thin film of nickel, which 
can afterwards be made as thick as require~. The suitable current 
strength is easily found. When the zinc is once thoroughly covered 
the current may be increased without any risk of peeling off. 
Nickel crucibles.-Nickel erucibles, instead of silver ones, are recom-
mended by M. Mermet for use in chemical manipulations. Nickel, in-
deed, is slighUy attacked by melted potash, but so is silver itself. 
Nickel crucibles cost at first much less than those made. of silver, and 
moreover they have the great advantage of melting at a higher tem-
perature. It often happens that inexperienced chemists melt their 
silver crucibles in heating them over a gas lamp; but such an accident 
is not to be feared in working with crucibles made of nickel. 
Nickel in kitchen utensils.-It i~ well known that acids have a~oreor 
less decided solvent action on nickel, and on nickel-plating; and inas-
much as the use of nickel-plated kitchen utensils (in Germany) is be-
coming quite general, it is a matter of serious moment to determine 
what would be the effect on the human organism of the nickel which 
may find its way into the food prepared in such vessels. An investiga-
tion, having this purpose in view, has recently been made by F. Geer-
kens, who affirms that as much as one-half gram (about 7½ grains) of 
nickel may be taken into the stomach, and repeated for a long time, 
without producing any noticeably bad effects. When, now, it is con-
sidered that the quantity of nickel, which, by any probable means, could 
:find its way into food in the course of its preparat.ion in nickeled vessels, 
would be only a very fractional part of this quantity, there would seem 
to be no grounds for uneasiness in the use of nickeled kitchen utensils, 
especially where the same precautions are used as in the case of copper 
utensils, namely, thoroughly cleansing them and avoiding the storing 
of food in them. 
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Extraction of nickel Jroni ores and scorice by electrolysis.-Accordin.g 
to the London Mining Journal some improvements in treating ores or 
scoria containing copper or nickel, and in the apparatus to be used in 
the process, have been invented by M. Eugene Hermite, of Rouen, and 
are said to have been successful in practice. The ores or scorire are first 
subjected in the condition of fine powder, to the action of a solution of 
ammonia in the presence of compressed air, and subsequently subject-
ing the resulting liquid holding the metals in solution to electrolysis, 
preferably in apparatus constructed and arranged as hereinafter de-
scribed. The ores or scorire containing the copper or nickel which it is 
desired to extract are first reduced to a fine powder and then placed iu 
a vessel preferably so constructed as to be capable of rotating for the 
purpose of turning over its contents. A solution of ammonia is also 
introduced into the vessel, the proportion of ammonia in the solu-
tion being regulated according to the richness in metal of the ore or 
scoria., and the air in the vessel is then compressed to a pressure of 
from about three to four atmospheres. The vessel is then rotated for a 
length of time in accordance with the nature of the materials under 
treatment; from about thirty to Rixty minutes will, he believes, be found 
to be the usual time required. Aftor iSettling, the liquid holding the 
metal in olution is decanted; the o,-/~ 1s then washed again with a fresh 
supply of ammonia solution if re4u.ired, and finally with water, but 
alway under pre sure. The liquiu or solution obtained is afterwards 
subjected to electrolysis in vesseh, containing plates or electrodes of 
cast iron and carbon, the whole of the metal in the solution being col-
lected on the ca t-iron electrodes. A small quantity of caustic soda or 
pota h may be added to the liquid in order to render it a better con-
ductor. If preferred, the apparatus employed for the purpose of this 
invention may be made ent.irely of iron, as ammoniates of copper or 
nickel -are not decompo ed by this metal. 
The op ration of electrolysis is preferably performed in apparatus 
pecially con tructed and arranged, which is provided with a series of 
ve el in which th proces of electrolysi is conducted. These ves-
el are preferably con tructed of beet iron with sealed or luted lid 
or cover having hydraulic joint , and contain ca t-iron plates or elec-
trode arranged alt rnat ly with carbou plate or electrode , each set 
of 1 ctrode being conn cted to uitable conductor . The ve el com-
municate at th lower part through pipes or pa, age and valve with 
an outl t tub or pa ag for removing the eparated metal that fall 
to the bottom of the ve 1 ' and the liquid. The liquid may be up-
plied t the v l from a ta, k or re rvoir provided with a di tribu-
tion pip and liv r · co ·k . traveling crane i preferably mployed 
~ r lifting th v r · and th l ctrode and valve . The c ndu ·tor 
ar t d t g th r y 1 eve or union , and are in ulated from 
th f th v · 1. y in ulators of p rcelain or other uitabl 
1, ar ch rged with a 1iquid or oluti n obtained 
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uy treating ores as described, and the covers being secured in position 
a current of electricity is caused to pass through the solution. The 
metal is thereby separated from the solution and deposited on iron 
plates. When the operation is concluded, the metal is collected from 
off the plates or electrodes, and the liquid is drained off by opening the 
valves. The metal thus obtained may be melted and run into ingots, 
and the liquid may be used again if desired for treating a fresh supply 
of ore. Thus the essence of the invention is the treating ores or scorire 
containing copper or nickel with a solution of ammonia in the presence 
of compressed air and by .electrolysis, and as a step in the treatment 
ubjecting the same to the action of a solution of ammonia in the pres-
ence of compressed air. 
DIPOUTS AND EXPORTS. 
The following tables show the amounts of nickel and nickel alloys 
• imported, and the values of manufactured nickel, nickel coin, and nickel.. 
ore exported from the United States: 
Nickel imported and entered for consumption in the United Sta.tes, 1868 to 1884 inclusive. 
Nickel. Oxide and alloy of nickel with copper. 
Fiecal years ending June 30- 1---~----l--------iTotalvalue. 
Quantity. Value. Quantity. Value. 
Pounds. Pownds. 
1868 . . . • • • . . • • • . . . • • • • • . . . • • • . • • • • . • • • • • . . • . • . . . . . . . . $118, 058 . . . . . . . . . . . . . .... . . .. .. . 
186'9 . . • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • . • • • • . 134, 327 . . . • . . . . • . . . . •.....••... 
1870 . . • • • • • • • • • • • • • • • • • . • • • • • . • • • • • • • • • • . . • • • . . . . 99, 111 . . . . . . . .. .. . • . • . . ... . . 
1[lrnl\Ul\It/I) __ J!!I ___ Jlij :<::I ::t\l: 


















Value <>f exports <>f nickel and nickel ore of domestic production from the United States. 
Fiscal years ending June 30-




--- -------------- ------1~-- - - - ---
1864 .•• • •• • • • • • · · · · · · • • · • . · · • • • • · •• • · · · • • · · • • · • • • · • · · • - • · • - - •• • · •• • - .• - .. .. . •• . - . . . . . • • . • • . $2" 494 
1865 . . • • . • • . . • . • . . • . . • • . . • . . . . . . . . . . . . . . . . . • . • . • . • . • . . . . . . • . • • • . . . • . • . . . . . . . • . . . . . . . . . . . . . . . 3g· 110 
1869 •••••••..•.... . . . •.. . ........••. . •...... ... ... . •.. .. ·•••••···•· ·· ·· · .. . .. ... . . 11' 350 
1872 • • • • • • • - • • • • - - - • . . . . . • . . . • • • . . . . . . . . . . • • • • . . • . . • . • . . . • • • • • . . • • • • • • • 43: 500 
1873 . • • • • • .. iio: iso · · · · · · · · · · · 10. 891 
rn~t : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : =::: =::::::::::::: ~:::::::::::::: 16. 062 ~~: ~~~ 
l876 . • • • • • . • • . . . . • • . • • • . • • . • • . . • • • . • . • • . . • • . . . . • . • • • • . . . . . • • . • . • • • • • . . . . 1 ~~· g~g 35, 100 mi : :: : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : . _ ..s: 200 - - - - -- - - - - • - - - -2. 452 
1881 ... .• . . • • . · • · •. • • • • • • · • • • • • • · • · • • • · · • · • • · • · · · · • • • · ·• . • • • . • • . • • . . . . • . 4, 120 . . • . . • . . . . . ... . . . .• . 
1882 •••••• . .•. · • • • · · · • • • • • · • • • • • • • • • • · • • • • • • · • • • • • • - - • - • . . • . . • • . . • • . • • • . 6, 000 $32, 880 . . •. .•.• .. 
1888 . . .. .. . ....... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · -.. · -- . . . . . . . . . . . . . . . . 12,474 7,200 .... . .. . . . 
1884 :::::: :::: :::::::::::::::: :: :::::: : : : : : : : : : : : : : :: ::: :: :: :::::::::: :: . .. -~·-~~~- . .. . . ..... a~~: m 
a Classed as "nickel and cob:i.lt ore." 
COBALT. 
BY DAVID T. DAY. 
Soiwce&.-Tbe oldest source -of coualt in the United Sta,Les is the 
Chatham cobalt mine in Middlesex county, Connecticut. Here cobalt is 
found in the form of the mineral smaltite or speiss cobalt, an arsenide 
of cobalt, nickel, and iron, in varying proportions, the cobalt some-
times constituting 14 per cent. of the mineral. This mine is of consid· 
erable historical interest in connection with both cobalt and nickel 
(see" Mineral Resources of the United States, 1882," p. 401), but has not 
furnished any cobalt for many years. At the Mineral Hill copper mines, 
at the Patapsco mines near Finksburg, and at the Liberty mines near 
Sykesville, a11 in Carroll county, Maryland, th_e mineral linnreite,' or 
cobalt pyrites, occurs. Niccolite containing small amounts of cobalt is 
also found there, but neither in sufficient'quantity to justify mining. A 
vein of cobalt.bearing minerals in which smaltite is predominant bas 
recently been discovered near Gothic, Gunnison county, Colorado. This 
property, owned by the Sterling Mining Company, has as yet received 
little attention, but sufficient to lead to the belief that it may become a 
commercial source of cobalt. The vein contains much crystallized cal· 
cite, in which smaltite and erythrite are irregularly distributed. It is 
particularly free from siliceous matter, and up to the present no nickel 
minerals have been detected in it. A sample of smaltite obtained from 
the urface croppings, analyzed by Dr. M. W. Iles, yielded the following 
result : 
Analysis of srnaltite frQ'l'li Colorad,u. 
Cobalt . . .. . . ..... . . ... . ...... .. . . . ...... ...... . 
Iron .. .. .. . . ....... . .. ... .... .... . ... . . ... ..... . 
Arsenic . .. . .. . .... . ......... . ... . . . ...... . . . .. . 
Silica ....... .. .. . . ......... . .. . . ... . .... ... .... . 
L ead . ... . . .. . .. . . . .... ...... . .. . .... . . ..... . . . 
~~!~~~L·:::: ::: :: ::: : :: : : : : : : :::: :: : ::: : : : :: : : : 
Copper .. . . .... .. . . ........... ..... ... .. ... .. . . . 
Nick el . .. .. . . . .... . .... ..... ....... ..... ..... . 













A pur r ampl yield d 15 per cent. cobalt. The Gem and other 
n ar ilv r lift' olorado, contaiu a number of nickel mineral ~ 
an m 11 m unt f cobal . Trace of cobalt have been found at 
r nit l rado, lik that at Anthony' No e on the Hudson riYer 
balt min ral have recently been found a ociated 
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with niccolite in Grant county, New Mexico, in Bullard's Peak district, 
Burro mountains. Cobalt and nickel have also been discovered in the 
East Humboldt mountains, Nevada, not far from Lovelock's station on 
the Central Pacific railroad. Mr. Lovelock is the principal owner of the 
mountain in which the ore is found. It occurs in an 8-foot ledge be-
tween iron ore and gypsum, which is being opened by an incline. Fif-
teen tons of ore, sampled in San Francisco, are said to have yielded 12 
per cent. nickel and 7 per cent. cobalt in the form of arsenide or smal-
tite. Six mines have been opened. · 
According to a paper read by A. D. Hodges, jr., at the February 
meeting of the American Institute of Mining Engineers, 1885, cobalt 
· has been found with nickel at Ludwig & Carter's copper mine, near 
Mason's valley, Esmeralda county, Nevada, in a new mineral, which is 
usually black and massive, but sometimes consists of shining crystals. 
The proportion of nickel and cobalt is not constant, as will be seen from 
the following analyses of several specimens: 
Analyses of cobalt ore from Esmeralda county, Nevada. 
No. 2. No.15. 
I 
No. 6. No. 8. No.10. , 
1. 2. 1. 2. 3. 
----------~------------------ --
Water .................. -----· ... . . 15. 98 16. 0 Undet. Undet. Undet. 20. 86 20. 86 
Silica ......... . .................... 39. 33 39.4 27. 8 34. 6 44.4 38. 96 38. 82 40. 02 
.Alumina and iron peroxide (a) . ... . 25. 79 30. 2 30.4 17. 0 12. 0 4. 29 4.15 3. 95 
Cop])er oxide ..... . ................ 3. 92 6. 25 13. 7 5. 95 2. 0 30. 61 30. 61 31. 52 
~t~~t~!~~r.~~~~~~~::::::::::: : : : · 3. 93 2. 7 10. 4 10. 0 9. 9 Trace. .. 68 } b9. 46 8. 6 4. 3 16.8 8. 8 I . 49 .43 Nickel oxide 3. 59 3. 47 Lime .. .. .... :::::::::::::::::::::· 1.02 Undet. Undet. Undet. Undet. Undet. 1. 06 
Magnesia ...... -----·. --- .......... . 57 Undet . Undet. Undet. Undet. Undet. .04 
100. 00 l 03. 15 86. 6 84. 35 77. 1 98. 80 100. 12 . __ .. __ . 
a Only a very litt.le Fe203. 
b By loss. Lost by breakage. Evidently contained much cobalt oxide. 
It is not known to what extent the quantity of the mineral will justi(v 
mining. 
At Mine la Motte, Madison county, Missouri, cobalt is found in the 
form of nearly all the cobalt minerals known. The principal ones are 
linnreite, smaltite, cobaltite, and asbolite or wad, the last being a mix-
ture of the black and brown oxides of manganese, in which part of the 
manganese is replaced by cobalt. As distinct minerals these compounds 
of coualt are only found at considerable depth, and the most valuable 
ore is galena, which when dressed contains only 0.2 to 0.3 per cent. of 
nickel and cobalt together. When much copper pyrites is found in the 
gangue the amount of nickel and cobalt may reach 1 to 1.5 per cent. 
~ext in importance is the" middle product" of the dressing works, con-
sisting of the sulphides of iron and copper with gangue and galena. 
This usually carries 20 to 23 per cent. of lead, 0.5 to 1 per cent. of copper, 
and 2.5 to 3.5 per cent. of nickel and cobalt. A large percentag~ of 
copper always coincides with an increase of nickel and cobalt. In some 
2 M R--35 
• 
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few cases 12 to 15 per cent. of copper gives 6.5 to 8 per cent. of these 
metals. 
The mineral asbolite is also found near Albertis, Lehigh county, 
Pennsylvania, and opposite Fairmount (Philadelphia), in the same State. 
The most important source of cobalt is the nickel mine at Lancaster 
Gap, Lancaster county, Pennsylvania. The ore consists of pyrrhotite 
(magnetic pyrites), in which a small part of the iron is replaced by 
nickel and a still smaller portion by cobalt. As mined this ore contains 
about 2 to 2.5 per cent. of nickel and the extremely small amount of 0.1 
per cent. of cobalt. The fact that such a minute trace of cobalt can be 
extracted at a price low enough to compete with the product of richer 
foreign ores speaks creditably for the perfection of the process used at 
the American Nickel Works, at Camden, New Jersey, operated by Mr. 
Joseph Wharton, who owns and works the Lancaster Gap mine. 
The question whether or not an ore of cobalt can be utilized on a 
commercial scale is determined at present, in this country, by the 
amount of nickel which it also contains. If there is enough nickel 
to pay for reducing the ore, it is worked up for the nickel and the 
cobalt is obtained at:i a secondary product. Cobalt is therefore a mere 
feature of the nickel industry; the amount produced and the price are 
ruled to a large extent by nickel. The reason for this is that cobalt 
alone is not found in this country in sufficient quantity to justify its 
utilization, even at a much higher price than it is worth now. Min-
eral comparatively rich in cobalt are found in several of the localities 
cited above, but although the price of cobalt would justify shipment 
of ore , if sufficiently rich, from remote districts, the amount of the 
ore i entirely too small to be profitable. 
Production.-Until the year 1863 the presence of cobalt in th·e do-
me. tic ore of nickel wa ignored, or at least there was no regular es-
tabli hment wber cobalt wa eparated from nickel. This separation 
wa begun as a particular feature of the Camden nickel works when 
Jea, ed by Mr. Wharton. The folJowing table gives the amount of 
cobalt oxide obtained at the Camden work ince 1869. A only trifling 
a.mount of cobalt oxide have been made at Mine la Motte, and none in 
1b last few year , thi , table represents practically all the cobalt oxide 
obtained in the United State . The amount made in 1868 and before 
tha,t date wa lost in a fire which de troyed the works : 
Production of cobalt oxide in the United States. 
Years. 
l 0 ..... ··-·· ··········· ............... . 
1870 •. ·············· ·· ········--· .• • .• ••. 
l 71. .. -. · ··· ·· ·· ···· ·-···--····--··· .... 
1~12 •••• _ •• ··-··· ..•••• ·-·---·-····· •.••. 
1 73 •• . ·-·······-·--··-····-·-·· -·-· · ··-· lfnL ..... - ... _ •. . . _ . ..• ____ ..•......... . 
1 75 .. .••... ·-· .••... ···----- ·-··· _ ..... 
!t!""h·······-········--·-········-········ 
Pounds. Years. I Pounds. 
811 1878 . .. •......••..•.. ........ ·-· ·--·. .• . 4,508 
3,854 1879 ..... .•••.... _. ·-- _ ....•.... _ •. . . . . 4,376 
tm mL:::::::::::::::::::::::::::::::::: Jffi 
4, 145 11 1883 .. . .... - -•.••..•... - .. - ••• - - • . . . • • • . 1, 000 
3, 441 1884 . .•.....•.. - .... - ...•... - .. • · · · • • • · · 2, 
5,162 ~ 
7, 328 Total .. .•. --- - - . - •. -- • - . ...• -• . • . 79, 
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The small amount of cobalt oxide made in 1883 and 1884 is accounted 
for by the fact that the Camden nickel works were not in operation 
from January, 1883, till .August, 1884. There was an over supply of 
nickel. .After this surplus had been exhausted operations were re-
newed. The amount of cobalt made is limited by the demand for nickel1 
and there is not enough made in this country to supply the demand. 
Cobalt oxicje and some smalt are therefore imported. In former years 
ores of cobalt were also imported, probably in the roasted form called 
"za:ffre." 
A small amount of cobalt and nickel ores are mined in Great Britain. 
In 1882 the amount was 38 long tons, valued at $1,156; and in 1883 49 
long tons of ore were mined, all from the Fod Hiraddag mine in Wales. 
In Prussia the one cobait mine reported as working produced 66 metric 
tons of dressed ore in 1882 and 97 tons in 1883; the number of men 
employed was 69 in 1882 and 106 in 1883. 
Imports.-The bulk of the imported cobalt oxide is manufactured in 
Germany .. The amounts imported since 1868 are given belo)V: 
Cobalt oxide and ore imported and entered for consumption in the United States, 1868 to 
1884 inclusive. 
Oxide. (a) Ore.(b) 
Fiscal years ending June 30-
Quantity. Value. Quantity. Value. 
Pounds. 
1868 ...•..•.•••••..••••.•••.•.••.•. ··•·•· .•.••..•.... 
1869 ..............•••................•....... · .... · · -
1870 ..•..••..••.•.••..•••••.••...•..•.••. ·••· • · ..... . 
1871 ........••. • •••·••·•••··••··••· . ..•...•.......... 
1872 ........•..••...••••• ·•··•••••· ••••••.••••... .. .. 
1873 .....•.•.••. ·••·••••·• .••••. .••.. ... . 1,480 
1874 ....•• ......................... .••••. 1,404 
1875. .. . . . . .••. .••. . ••..• •. ..•••.. •. . . . . . 678 
1876 ...•.• ·····- ·· •••·•• ••• ··•··••····••· 4,440 
1877 . . . . . • . . . . . . . • . . . • . . .. . • • • . . . • . . • . . . . 19, 752 
1878 . . . . . . . . . . . • • • . . . . . . . . . . • • . . . . . . • • . . • 2, 860 
1879.... ...•• •. ...... .••. ..•. .. . ... .••••• 7,531 
1880 . . . . . . . . . • . • • • . • • . . • • . . . . . . . . • . . • . • • . 9, 819 
1881 . . . . . . . • . . . . . . . . • • . . • . . . • • . . . . • • . . • • . 21, 844 
1882 ... ·-..... ••• .•••••.•••. .•. .• .. .••• .. 17,758 
1883 . . • . . . . . . • . • .. • • . . . . . . • . . . . . . . . . . . . • . 13, 067 
1884 . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . • • • . . 25, 963 
Pounds. 
$7, 208 ....................... . 
2,330 ......... ... •.......... 
5,019 ··· ·· ······· ... ····· · ··· 
2,766 .....••......••. . ....... 
1,920 . . .. . . . . . . . . $72 
4, 714 9, 769 920 
5, 500 3, 798 612 
2, 604 5, 355 659 
11, 180 6, 968 962 
11, 056 18, 377 2, 390 
8,693 20 1 
15, 208 . . . . . . . . . . . . . ..........• 
18, 457 2, 424 108 
13, 887 . . . . . . . . . . . . . ••.•..•.... 
12, 764 3, 102 367 
22, 323 . • • . . • • • . . • . . •••.• • ..• • . 
43, 611 . . . . . . . . . . . . . .......... . 




















The extraction of cobalt from the ores.-The method employed for ex-
tracting cobalt oxide from the ore varies according to the richness of 
the ore and the impurities with which it is mixed. In Germany ores 
rich in cobalt are found in small quantities but sufficient to work prof-
itably for cobalt independent of nickel. Such rich arsenical ores were 
formerly simply roasted in the air, giving an arsenate of cobalt which 
found its way into the market as ,~ za:ffre." But as the cobalt ores fre-
quently contain considerable amounts of nickel and iron, an additional' 
tep was necessary before a compound of cobalt could be produced of 
sufficient purity to give a good blue color to glass and fill the o.ther re-
quirements. The roasted ores are fused with carbonate of lime or some 
other flux, when the iron flows on the surface as a slag, leaving a heavy 
speiss of cobalt below. In this fusion the cobalt is partly oxidized, but 
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the nickel remains for the greater part as sulphide. This speiss is then 
fused with a mixture of white sand and potash. The fusion is e:ffPcted 
in large earthen pots, arranged in a furnace similar to that employed 
for the manufacture of plate glass. The arsenides of nickel, residual 
iron ulphide, and copper sulphide ~ink to the bottom of the pot, and 
the blue glassy substauce on top, which contains the _ cobalt, is ladled 
out into water. This blue glass is called "smalt." It varies in compo-
sition according to the different quality of the cobalt ores ';ised for its 
preparation, and also according to the amount of sand and potash with 
which it is fused. It is a silicate of cobalt and potassium in which the 
amount of silica varies between 56 and 70 per cent., that of potash be-
tween 12 and 22 per cent., and that of cobalt between 6 and 16 per 
cent. In addition smalt contains small quantities of alumina, ferric 
oxide, and frequently also lime and oxide of lead ; the commoner kinds 
also contain oxide of nickel. As sent into the market it is in the form 
of a blue powder. Up to the middle of this century smalt was largely 
used for c~loring starch and paper, but the recent introductign of arti-
ficial ultramarine has largely diminished the demand for cobalt blue. 
Smalt has the advantage as a paint over ultramarine in not being at-
tacked by acids. (a) 
When, as in the case of nickeliferous pyrrhotite, the amount of nickel 
and cobalt in the ore is extremely small, a third modification of the ex-
traction process i used. The ore is enriched at the mines to a matte 
containing about 10 per cent. of nickel and cobalt; after thorough 
roa ting this is dissolved in hydrochloric or sulphuric acid. If the so-
lution now contains ferrous salt they are oxidixed by bleaching pow-
der, and th iron is precipitated by the addition of lime or chalk, while 
copper is precipitated a ulphide. The cobalt is then precipitated a.s 
oxide, the nickel remaining in solution. By this means cobalt oxide is 
obtained; and thi i the general form in which cobalt comes into the mar-
ket at pr ent, b th by importation and from the works in this country. 
At Mine la Mott no cobalt i made into the usual form of oxi< e, but 
the nickel and cobalt are worked into a matte which is shipped to 
Europe for further treatment. The following account of the process is 
taken from an article pr ' ntecl to the American Institute of Mining 
Engineer', F bruary, 1 5, by M:r. Jame M. O'~eil: On roasting aud 
th n m lting clre d galena, lead, "fir t matte," and lag ar ob-
tain cl. '£he nickel and cobalt, which formed from 0.2 to 0.3 per cent. 
of the galena, are now found in t.be " fir t matte" to the amount of 3 to 
3.5 p r cent (about 2 nickel to l cobalt). Thi i roa t cl and u d a 
iron flux" for ·m lting gal na. By thi proce " cond matte' i 
o tain d with from 3.5 t 6.5 p r cent. nickel and cobalt. Until r · 
c ntly thi wa roa t d and m lled with aci flnxe producing ' third 
m tt " with 12 t 17 p r cent. ni ·k •l aud · balt, which wa. pack d iu 
barr l and hip d to Eur p . 1r. 0' Pil ha found, how v >r, that 
hv m lting th• third matt with mi.'pick 1 re, contaiuing- ~3 p >r c ut. 
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arsenic the nickel and cobalt form with the arsenic a clean si,eiss car-
rying 36 per cent. nickel and cobalt. This experiment, though not 
:financially successful, proved satisfactorily that arsenic would separate 
the nickel and cobalt from the lead and would prevent large losses in 
the slag. Subsequent experiments with second matte have proved that 
the old method must be abandoned, certainly for the treatment of ·the 
second matte; whether it will not be more economical to treat the first 
matte also with speiss remains to be determined . 
. Value.-Metallic cobalt has a nominal value of$14 per pound. Cobalt 
oxide has varied between $2.50 and $3 per pound during the last 
twenty years, except at one period, when it rose markedly. It has never 
been as low as $2. The recent agitation concerning the supposed cura-
tive properties of light transmitted through blue glass exerted a marked 
influence on the price of cobalt oxide, with which such glass is colored. 
The price went as high as $6 per pound in the hands of dealers, al-
though this figure was never the manufacturers' price. This extraor-
dinary price continued as long as the agitation, for a shipment from 
England to supply the increased demand was lost at sea. During 1883 
and 1884 the average price of cobalt oxide was $2.55 per pound, making 
the value of the product of 1883 $2,795 and for 1884 $5,100. The price 
of smalt varies from 8 to 15 cents per pound. 
Utilization.-1\ietallic cobalt has never been used except experiment-
ally. Some years ago Mr. Joseph Wharton prepared a quantity of 
metallic cobalt in order to test its application as a substitute for nickel 
in plating. He plated half of certain pieces of iron with nickel and 
half with cobalt and exposed the pieces to oxidizing processes. This 
experiment, repeated in various forms, showed that cobalt oxidized 
somewhat more easily than nickel, and was therefore not quite as use-
ful for plating. It has no advantages over nickel and is more costly, 
and the attempt to utilize it was abandoned. The one use for cobalt 
in the arts is for the blue color it gives in certain combinations. The 
oxide is usually the starting point in making the blue color's. It is 
added to glass to produce ordinary blue glass; it is also used in cor-
recting the yellow color in pottery. Smalt is also used for· both these 
t')Urposes and particularly for furnishing a light blue body to pottery 
by mixing with clay and avoiding too high a temperature in baking, 
by which a dark blue would be produced. Cobalt oxide is much used 
for al~ kinds of decorative work on pottery. It is a valuable" under-
glaze" color, as it 1s not injured by a high temperature. Cobalt salts 
were formerly used for coloring pa.per and for blue ruling, but now 
ultramarine has been substituted. Rinnman's. green is also a compound 
containing cobalt, which has lately been improved in quality for use in 
the arts. Thenard's blue, or cobalt ultramarine, is a fine blue compound 
obtained on the large scale by heating a mixture of alumina and phos-
phate or arsenate of cobalt. Recently an alloy containing a small 
amount of cobalt has been made at Birmingham, England, under the 
name of'' cobalt bronze." 
MANGANESE. 
BY DAVID T. DAY. 
Occurrence.-Mangauese occurs as an essent,ial constituent of several 
well known minerals, and it is also found in small quantity in many others, 
often giving them a characteristic color. Silicates frequently contain 
traces of manganese, and by their decomposition manganese passes into 
the soil and is taken up to a slight extent by plants. Further it may be 
stated as a general rule that where iron ores occur the ores of the closely 
allied metal manganese may also be found, sometimes in well defined 
masses, more frequently forming merely a small percentage of the iron 
ore. On the other hand all the manganese minerals are found to con-
tain iron, though occasionally large beds of manganese ores are met 
with in such pure condition that irou can be found only as a trifling im-
purity, less in amount than that of other metals such as nickel and co-
balt. The question whether a given mineral can be considered a prac-
tical ore of manganese is decided not merely by the amount of metallic 
manganese which it contains, but principally by the use to which it is 
put. It thus frequently happens that ores very poor in manganese find 
sale, while others containing three or four times the amount remain 
unmined. The two principal uses for manganese are (1) in the form of 
manganese dioxide as an oxidizing agent, and (2) as an addition to 
iron. For the first the riche t ores obtainable are the only ones used. 
But frequently an ore containing only a small amount of manganese but 
comparatively rich in iron is used as a valuable source from which to 
obtain iron alloyed with the desired amount of manganese. It is to be 
born in mind that in thi last use-as an addition to iron-the richer 
or would. be valuable if it were not for the fact that they usually con-
tain pbosph ru in ome form of combination. 
Character of the ores.-Mangane e is chiefly found as mangane e 
<li xide or pyrolu ite (Mn02); it also occurs as brannite or brown oxide 
of mangan e (Mn203); manganite (Mn20 3, H20); hausmannite (Mn304); 
and a p ilomelan , which contain manganese dioxide together with 
compound of barium or p ta ium and frequently iron, nickel, or cobalt . 
• ,Iangane e carbonate al o occurs in quantity sufficient for its use a a 
valuable ore in Germanj' ; and k11ebelite and mangani£ rou garnet; both 
ilicat containing iron and mangane e, have found pecial application 
in the manufactur of spi g l iron. Pyrolu ite and braunite have be n 
th important mangane e bre of the United Stat until recently, wh n 
a by<lr t cl v ri ty f p ilomelan call d "wad" or "bog mangane ' 
h · m a articl of commer e. The term u d by dealer to di -
tingui h th v ri u ore f mangane e ar frequ ntly differ nt fr m 
tho "iv u h r and much c nfu i n exi t . For di cu ion of th· 
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subject the reader is referred to "Mineral Resources of the United 
States, 1882," page 425. 
Localities in the United States.-The extent of the manganese deposits 
in the United States is unusually great when compared with the depos-
its in other lands. They occur irregularly distributed through the 
eastern States from Maine to Georgia. Mines were formerly worked 
for bog manganese in several well known localities in Knox, Oxford, 
and Hancock counties, Maine. Bog manganese- is a.gain met with, 
though sparingly, in New Hampshire, Vermont, :Massachusetts, Rhode 
Island, New York, and Pennsylvania. From Maryland to Georgia black 
oxide of manganese is much more common than bog manganese, al-
though the latter is met with occasionally in Virginia and North Caro-
lina. These deposits of black oxide are the important sources of Amer-
ican manganese. The most northern deposit is near Brookeville, Mont-
gomery county, Maryland. This was formerly worked, but no manga-
nese ore is now mined in Maryland. 
Proceeding southward, the Crimora mine at Crimora station on the 
.Shenandoah Valley railroad, Augusta county, Virginia, ranks as the 
most important mine in the United States. In 1867 a stock company 
,, bought the land containing this mine from Mr. Flannigan, of Charlottes-
ville, for $3,000; as soon as operations for mining were actually begun, 
the mine was valued at $24,000. The stock company continued mining 
until 1869, when the total receipts showed a loss, owing to lack of ex-
perience in the managers. From May, 1869, to April, 1882, the mines 
were alternately either idle or worked by 1.Vlr. Samuel W. Donald in the 
interest of the stock company. On April 29, 1882, the mines were leased 
for five years to Messrs. James B. White & Co., of Pittsburgh, Penn-
sylvania, who have put in new machinery and increased the yearly prod-
uct about fourfold. During the early years the ore was shipped to 
England and Belgium; lately it has been used in making spiegel iron in 
this country and for making bromine on the Ohio river. An analysis 
of the Crimora ore, made by Prof. Andrew S. McCreath, is given below. 
The analysis was apparently made from a particularly good specimen and 
-0annot be said to represent the average value of the ore. It serves how-
~ver to indicate the nature of t~ impurities met with in manganese ores. 
Analysis of pyrol·usite from the Crimora mine, Virginia. 
I i!;ii;t;i;~~t::::::::::::::::::::::::::::: 
I 
Cobalt oxide .. ...... ........•............. ...... 
Nickel oxide ......................... ........ .. . 
Zinc oxide ..................................... . 
Alumina. ........•..•............•...••......... 
f f!~t~ .. : : : : : : : : : : : : : : : : : : : : : : : . : : : : : : : : : : : : : : : : 
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Manganese is found at as many as thirteen other points in Wythe,. 
Giles, Bland; Campbell, Louisa, Nelson, and other counties of Virginia .. 
The mines in Pittsylvania and Nelson counties are especially ]arge .. 
At Goshen Bridge, Rockbridge county, mines have been opened from 
which 20 tons per day can be furnished. 
In North Carolina manganese ores (pyrolusite and wad) are met with 
in Cherokee, Catawba, and Cabarrus counties, but not in large quant,ity 
and of a hard quality. As a rule these hard ores are coincident with 
poor ores, because pyrolusite is softer than the less valuable manganite· 
and braunite. In South Carolina deposits have been found at Hard 
Labor cree\, and a project is on foot to obtain manganese from the-
Dorris mine. 
The chief rivals of the Virginia ores are those of the " Etowah re-
gion," Bartow county, Georgia. A Virginian named Ruckman dis -
covered manganese at Cass station, Bartow county, and recognized a 
similarity between these ores and those of Virginia. In 1867 the prop-
erty was bought for mining purposes by Mr. M. G. Dobbins, who has 
furnished the following information : In 1870 the mines were rented to 
a company of New York capitalists who extracted about 5,000 tons of 
ore from less than one-half acre of land, without going deeper than 40 
feet. The property has now gone into the hands of the Bartow Man-
ganese and Manufacturing Company, with $30,000 paid stock. Tne 
company consists of M. G. Dobbins and others. Nearly the whole year 
has been spent in placing machinery in position and in other prepara-
tion for work. The indications are that the ore will find sale in Pitts-
burgh. A small quantity bas been shipped to England. The following 
analyses give a fair idea of the average character of the ore. No. 1 
is a ample analyzed in New York ; No. 2 is taken from a lot of ore 
shipped to England. 
t 
Analyses of pyrolusite frorn the Etowah region, Geo1·gia. 
No. 1. No. 2. I 
Per cent. Per cent. I 
1 Manganese oxide................. . .. . 80. 00 80. 58 
ilf~'.: ::;;);:;::;;;:;t . ·:_·.69~1·g~··· ,:· .·._· .. ·. . ·.1.··~:~:!:~:II 
Lime ··········· ··· · ·········· · - ······ 
fn'I~~~~:::: : ::::: ::: :::::: :::::::::: . 027 .•....... . 
Pho pboric a id . . . . . . . . . . . . . . . . . . . . . . . 33 ..••.. .... 
Wat~r aud carbonic acid.............. 17. 00 1.16 
I _ 90. 677 ~o. 11 
Man~anes available for cblorin . ... . 1=~1--65.35 
t ti n, alhoun count , Al, b ma, about 2,000 ton 
c nt, ining 36 per cent. metallic ir n and 23 per 
mi ed f r the ood, ·tock Iron ompany of 
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Anniston, .Alabama, for making spiegel iron. The production bas ceased; 
no ore was mineu in 1883 or 1884. The deposits at Candutchkee, Clay 
county, have uever been mineu. In Dixon county, Tennessee, there 
are more extensive deposits, but not rich enough to be used for the 
manganese alone. 
Recently an effort has bP.en made ~o obtain manganese from the de-
posits known to exist in Arkansas. The following history of these de-
posits is due to Mr. A.. M. Evans, general superintendent of the White 
River Mining Company : The discovery of manganese ore in Arkansas 
was accidental. A.bout thirty years ago a Colonel Martin, of Tennessee, 
bought lands in Independence county, and finding pieces-of manganese 
ore, had them analyzed, and called the attention of the iron masters in 
England to the discovery. The civil war put a stop to further opera-
tions. The deposits lay untouched until three years ago, when Mr. 
E. R. Woodward began working them, and now several companies 
are engaged in the enterprise. The ore, which is black oxide of man-
ganese, occures in "pockets" in an ellipitical belt of land, the major axis 
of which extends for 15 miles through Independence and Izard counties, 
beginning 3 miles from Batesville. Its minor axis is from 6 to 8 miles 
long. The ore is found resting upon Silurian limestone. Much of jt is 
on the surface, and the cost of mining is said to be very small. The 
fol1owing are analyses, the first of a picked sample, the other three 
samples of carloads: 
.A:nalyses of manganese ore froni .Arkansas. 
No. 1. No. 2. No. 3. No. 4. 
------------------ ~---1---- ------
Per cent. Per cent. Per cent. Per cent. ~::m~ ~~~~-~~~~~ _:: ·.-_-_-_ ._._._._._._: ·.-_-_: ·.: ·.::::::::::::::::: : : : : 6t ii 4:: g~ 5:: ;g 5~: g: 
Sili.ca . . • • • • . • • • . . . • • • . . . • . • . . . . • . • . . . . . • • . . . • • . . • • • . . • • • • • • • • 1. 00 4. 00 2. 11 2. 00 
Phosphorus.................................................. . 01 .12 . 098 .16 
Op to the present little has been done in sending the ore to market, 
but after an era of prospecting, several companies have been organized 
and mining operations have actually begun. It is probable that not 
more than 5,000 tons have ever been mined from these deposits. The 
Ferromanganese Company, of which Mr. E. H. Woodward is president, 
has mines about 12 miles from Batesville; it employs some twenty men, 
with eight or ten teams, and has shipped about50 ton of ore. The Ar-
kansas Manganese Mining Company, composed principally of Messrs. 
W. C. Whitthorne, John C. Brown, and Jerome Hill, all of Tennessee, has 
made some shipments of ore to Saint Louis, and is preparing for ex-
ten ive operations. Mr. A.. M. Evans represents a corporation known 
a the White River Mining Company. This company has shipped about 
200 tons of ore. The White River Mining and Transportation Company 
control a very large body of manganese lands, and has commenced 
operation . Be ide the companies named, the firm of Huntou & Gibb,. 
of Bate ville, is making preparations for active work. The industry is 
• 
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in the experimental stage, and many questions remain for decision by 
practical tests before the true importance of the new field can be de-
termined. 
There are many deposits in Virginia which once gave promise of great 
~alue but, for one or another slight objection, are not mined. Aside 
from the usual considerations of the percentage of manganese, amount 
of ore, cost of getting it out of the ground, freight to a manufacturing 
center, etc., is the one of whether the possible impurities will prevent 
its use in the manufacture of steel. For the other uses of manganese 
the supply from the eastern States fully equals the demand. But the 
attempt to use some of these eastern ores in steel making has not been 
markedly successful so far, because of the phosphorus which the ores 
contain. A small amount of this substance in steel renders it "cold 
short," that is, brittle when cold, and more than counteracts the benefi-
cial effect of the manganese. Heretofore Spanish iron ore, containing 
small amounts of manganese and remarkably free from phosphorus, 
has been used for steel. The analyses given of the Arkansas ore indi-
cate that it may not contain too much phosphorus to act as a valuable 
sub titute for the imported ore. If this proves to be true it is probable 
that Arkansas will exert a powerful influence on the whole industry, 
whether the ore can be brought to market as cheaply as the Virginia 
ore or not. It is evident from the amount of capital invested that the 
nece ary te ts will oon be made. 
Manganese mineral ar again met with on the Pacific slope. The 
followiug information bas been furnished by Mr. C. G. Yale: Manganese 
is found in heavy depo its in California and Nevada and occurs in greater 
or 1 s quantity in the Rocky Mountain region. The only deposit that 
ha b n worked to any extent is on Red Rock island in the bay of San 
Franci 'co, concerning which nothing further is to be said than was given 
in "Mineral Re ource of the United States, 1882," no ore having since 
b n min d from thi or any other rnangane e deposit on the Pacific 
coa t. Th following compri e the other localities in California where 
th min ral ha been ob. rved: Near Angel' Camp and at Railroad 
Flat, alavera county; abundantly at Corral Hollow, Contra Co ta 
county; near aucelito and Tomales, Marin county; Sweetland, Nevada. 
coun y; Mount aint Rel na, apa county; at Argentine and Mum-
ford ill, Pluma county; near Colton, San Bernar<lino county; Berual 
eight , near th city of an Franci co; at several places in Santa 
lar and onoma countie ; and near the town f Columbia, Tuolumne 
c unty, wher pi c of ore weighing 100 pound or more have be n 
pick up on the nrface of the ground. 
Foreign source .-The man au ore occurring in Nova Scotia ha an 
imp rt. nt b arin n Am rican indu tri on account of its exceptional 
fr mfr m iron whi h m k it valuable for neutralizing the gr n 
tin imp rt t gl b ir u. Ace rding to an articl by Mr. Edwin 
ilpin r cl b f r th 'al ~ ci ty t the ttawa m ting, thi pur 
pyr lu ite i foun in nt , olche ter, Pict u, and Cape Breton coun-
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ties, in quantities sufficient for profitable mining. Some of these ores 
are said to contain 95 per cent. manganese dioxide and mere traces of 
iron. Small amounts are regularly imported by glass manufacturers at 
prices quite out of proportion to native ores. 
In Germany, Sweden, and Russia local deposits are used by iron ' 
manufacturers, but when particularly pure ores· are desired all these 
countries import from the rich deposits in Spain and Portugal. Car-
thagena, Ruel va, Marbella, and Bil boa are the principal shipping ports, 
and England particularly obtains large amounts of ore from ,these 
points. 
Production.-The statistics from many of the small mines of Virginia 
and North Carolina are practically inaccessible. It is therefore impos-
sible io determine exactly the total quantity mined, but t,he amount for 
1883 and 1884: can be stated as 18,000 long tons to a very close approxi-
mation, of which 8,000 tons were mined in 1883 and 10,000 in 1884:. Of 
this amount Virginia furnished fully three-fourths, .Arkansas a fift,h, and 
the balance was contributed by Georgia and North Carolina. In former 
years Virginia furnished nearly all the manganese mined in this country. 
The following table gives the actual number of tons obtained from the 
Crimora mine, which furnishes by far the largest part of the Virginia 
supply: 
Production of the Crimora mine, Virginia. 
Prior to 1869 ...•••.•••••.................. 
May, 1869, to Febluary, 1876 ........•..... 
Febmary, 1876, to December, 1878 ..• .. .. . 
December, 1878, to December, 1879 ....... . 
December, 1879, to December, 1880 . .... .• 
December, 1880, to December, 1881 ....... . 
December, 1881, to April, 1882 .... ........ . 
April, lf82, to December, 1883 ............ . 
December, 1883, to November 19, 1884 .... . 













The production of manganese ores in foreign countries has always been 
much greater than in the United States. In 1874, the production in 
Germany was given as 18,725 long tons; in .Austria, 4,937 long tons; 
the Huelva district, in Spain, 48,207 long tons; in England, 6,552 long 
tons. In the latter country the proiiuction has diminished markedly; 
thus in 1882, 1,548 long tons, with a value of £3,907, were mined in Great 
Britain. In 1881, Portugal produced 9,906 long tons. The productjon 
in Italy for three years ending 1879, as furnished by .American Consul-
General Richmond, was : 
Production of manganeBe ore in PortugL, Z. 
t----Y-ea_rs_. ----I-L-ong ,.n,. Value. I 
1
1877 . . . . . . . . . . . . . . • . . . . . . . . . . . 6, 812 $40, 597 1 
1878 .. ......... - - . . • . . . . . . . . . . 6, 655 48, 256 
1879 . . . . . . . . . . . • • . . . • . . . . • . . • . &, 705 35, 065 
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Value.-During the year 1883 the price of black oxide of ID?inganese 
in the United States ranged from $11 to $16 per ton, according to the 
percentage of manganese. The total value of the year's production was 
about $120,000. The price declined in 1884, and manganese ore con· 
taining 75 per cent. manganese dioxide is now worth $12 per ton at the 
mines,or 27 cents per metallic unit delivered at Pittsburgh or Johnstown. 
The total product of 1884 may also be valued at $120,000. The cost of 
mining varies from $5 to $10 per ton in the eastern States. It is claimed 
that the Arkansas deposits which occur near the surface can be mined 
for $1.25 per ton. 
Imports.-Manganese ores are imported from Nova Scotia, as already 
mentioned, for use in the manufacture of glass. Some manganese also 
finds its way into this country in the form of iron ore containing about 
20 per cent. mauganese. It is brought from Cartbagena and Marbella 
as ballast by vessels seeking cargo. The importations from 1869 to 1884., 
inclusive, are given in the following tahle: 
Oxide and 01·e of manganese imported and entered for consuriiption in the United States, 1869 
to 1884 inclusive, 
Fiscal years ending June 30- Quantity. Value. 
Pounds. 
1869 .....•....... . ........ . . . . . . . ... . .. .. .. · · · ·· · 
1870 .. ....•••.....•........... . . . ... . .. • . . ....... 
1871 ... . ..................... ... ... .. .. . . . ...•.. 
1872 ... .. .•.......••.......•........ . ... . . .• •• • .. 
1873 . . . . . . . . . . . . • . . . . • . . . . • . . . . . . . . • . 1, 226, 157 
1874. . . .• . •. . •• •• • . . • . . . .• . • . . . . . . . • . 1,507,448 
1875.. . . .. . . ........................ . 1, 119, 893 
1876 . • . . . . . . • . . . • • • . . . . • . . . . . . . . . • . . 386, 408 
1877. . • . . . . . . • . . . . . . . . .. . . . . . . . . . . . . . 1,326, 136 
1878 . . . . . . • . . . . . . • . . . • . . • • • . . . . . . . • • . 8, 068, 634 
1879... . .. •. ..•.• •.. .•......... . . . . . . 554, 372 
1880. . • . . • • . . . . . . . . • . . . . . . . . • • • . . . . . . 1, 864, 968 
1881... .. ... .. •. .. . . . . . . . •••••• .•. .. . 1,288,457 
1882. . . . . . . . . • • • . . . • . . . . . . • • . . • • • . . . . 2, 225, 936 
1883.. ... ••• • • . .•• . . . . .. . • • .•• • . . . . . . 1,425,274 
1884........... .. . .. . .. . . . . . . . . . . . .. . 1,151,531 


















Ore . • • • . • . . • . . • . . • . . • . • . • • . . • • • . . . . • 1, 000, 095 $10, 980 
Oxide...................... . ....... . 151,436 4,837 
Total . • . . . • • . . . • • • . . . . . • • • • . . . . 1, 151, 531 24, 326 
Exports.-England has been a con umer of American mangane e ore 
mining wa fir t commenced. The ore i u ed in the mann· 
f chlorin . The following i the value of the exported ore 
6 , which wa practically the b ginning of mangane e mining 
c untr , t th pre nt time: 
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Value of ma,iganese ore exported from the United States, 1869 to 1884 inclusive. 
Fiscal years ending .Tune 30-
1869. ·•••·•·•· ••· •••..........•.•....•... 
1870 ....•...••.•.••••.•.•.•....•... ··-· •. 
1871. .... ·-·· •..•• ..•.. .•.•........•.... . 
1873 ...................... - .•. · · · · · · · · · :. 







Fiscal years ending June 30-
1875 .•....••••••.. . • . ·••···· ..•..•.•••.. 
1876 .•.•...••••.••.•..........••• , ••••.. 
1878 ... . .••••. ·••·····•· ....•••......... 
1883 ................................... . 







Utilization.-The uses for manganese ores may be grouped under two 
heads: (1) those in which the oxygen.combined with the manganese is 
used, and (2) those in which manganese itself is sought. For the first 
group only ores which are rich in manganese dioxide are used. When 
heated strongly or treated with powerful acids, this substance serves as 
a convenient source of pure oxygen. More frequently it is used as an 
"oxidizing agent," that is, to give up oxygen to some other substance, 
rather thau to furnish oxygen in the elementary form. Thus chlorine 
and bromine are prepared by this oxidizing action of manganese dioxide 
in the followmg way: It is extremely difficult to separate these elements 
from others with which they are ordinarily in combination; it is com-
paratively easy, however, to obtain the compound of chlorine known as 
hydrochloric or '' muriatic" acid from ordinary salt by treatment with 
sulphuric acid. When this substance is' warmed with manganese 
dioxide, oxygen from the latter combines with the hydrogen of the acid, 
leaving part of the chlorine free. Large amounts of manganese are 
used annually for this purpose, in England particularly. The manga-
nese is converted by this process into manganese chloride, which serves 
as a convenient substance from which all the other salts of manganese 
can be made. A brown and a black pigment can he obtained indirectly 
from it by heating it in .contact with air. A greeu pigment is made by 
heating manganese carbonate, obtained from the chloride, in closed 
vessels. The beautiful violet color which manganeRe gives when fused 
with phosphoric acid salts led to the manufacture of a violet pigment 
called manganese or Nurnberg violet, from these same chlorine residues. 
'' Rosen tiebl's green," obtained from this source, is used somewhat for 
printing on paper. It has been found that certain of the salts corre-
spondingtomanganese chloride hasten the oxidationoflinseedoil. Thus 
wllen linseed oil is boiled wit1h manganese dioxide, the addition of man- .. 
ganese borate aids in the desired oxidation. The most important use 
of these waste residues from the chlorine manufacture is in preparing 
potas ium and sodium permanganates. Formerly native manganese 
dioxide wa fused with potassium chlorate and potassium hydroxide, 
but the finely pulverized oxide obtained from manganese chloride is 
ea ier to convert into permangauates. This permanganate of potassium 
is used not only for purely chemical purposes, such as the preparation 
of specimens and the oxidation of various substances in analytic 
chemi try, but al o for technical purposes in determining the value of 
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iron ores, in bleaching leather and textile :iabrics, for the preparation 
of oxygen according to Motay's process, and for sanitary purposes as 
a powerful disinfectant. But these uses do not consume all the 
manganese chloride which continually results from the manufacture of 
chlorine. It is customary, therefore, to reconvert manganese chloride 
by Weldon's process into a substance capable of oxidizing hydrochloric 
acid. By this means the same manganese is used repeatedly. Were 
it not for this, the demand for manganese ores would probably be more 
than doubled. Bromine is made in a similar way, and about one-fifth of 
the manganese ore mined in the United States is used at Pomeroy and 
other places on the Ohio river, in the West Virginia and Ohio salt district, 
for making bromine. Thus far no attempt has been made to regenerate 
the manganese so used in America. Until recently nearly all the native 
ore was used for one or another oxidizing purpose in this country, or 
shipped, for similar use, to England. Meanwhile large amounts of 
manganese were imported to furnish manganese to the Bessemer steel 
works. There has been prejudice against American ores on account of 
the phosphorus they contain. Within the last few years, however, the 
manufacture of steel has consumed the greater part of the native ore. 
In just what way manganese proves advantageous in making steel has 
been an interesting subjeGt of discussion, but one in whfoh it is ex-
tremely difficult to obtain facts; partly because steel manufacturers 
are not ready to reveal the secrets of their industry, and also because 
there are great differences in the views held by authorities. The fol-
lowing will erve to indicate at least the main features of this subject; 
further information will be found in the treatises on metallurgy by 
Percy, and in "Steel, its History, Manufacture, and Uses," by J. S. 
Jean , from which much of what foJlows has been taken: 
It wa ' known m quite early times that certain iron ores furnished 
pig iron from which particularly good steel could be made; it was 
~ hown, later, that this ore contained oxides of mangane e, but it was 
barely u p cted that it was the manganese which gave the improved 
·haract r to st l, until, in 1 39, Jo iah M. Heath found a the re-
sult of many xp riments that when a small amount of manganese 
i · introuu d int teel of poor quality in the melting pot, the ·teel 
.. i, uniformly improved and can be welded to iron with facility. The 
enurmou clJano- which tbi di covery effected in the Engli h man-
ufacture of teel i uffici nt te 'timony to the corr ctne of Heath 
·laiin that th qualit. of poor t el is improved by tb addition of 
·mal! amount of metallic mangane, e. It b came po ible by it aid 
t cli, pen with u ian and 'w cli h iron and u,e the inferior Engli h 
The u · of mangan b came general, and it ha b n calculat d 
·, ving in th co ' of, t el amounting h1 all to 10 000,00 ha lb n 
l .r 1 -5, h ·n th B, , 'emer pro·, . of making t 1 wa 
intr tlu ·, 1 i found that the finish cl m tal coutaiu l a 
ph · ph r ' th· pi ir n fr m which it had 
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short," and the effort was made to add some substance which would 
overcome this objection either by removing the phosphorus or by counter-
acting its effects. For several years Bessemer was unable to do this, 
· and was obliged to use pure Swedish pig iron in his process. In 1856 
Robert Musbet added to the iron made in a Bessemer converter a small 
quantity of cast iron containing manganese, a:q.d. found that good steel 
could thus be made from very impure cast iron. He recommends adding 
from 1 to 5 per cent. manganese to the metal, according to the degree 
of hardness desired in the resulting steel. This procesR immediately 
became a general one, and now a certain amount of pig iron containing 
manganese is always introduced just before Bessemer ·steel is finished. 
In the manufacture of open-hearth steel also, manga'nese is used, so 
that at present manganese in the form of an alloy with iron is al ways 
added to Bessemer and open-hearth steels before these are :finished. 
But as to the exact function of manganese many opinions haw~ been 
expressed. Both Heath and Mushet proposed to add nearly 3 per cent. 
of manganese, but usually steel is found to contain less than 1 per cent.; 
it is therefore evident that the larger part finds its way out of the iron 
again, and if it produces any beneficial effect this must be sought in 
some reaction which it aids during its removal, by which the steel loses 
some impurity. It has been shown that sulphur can be removed to a 
considerable extent when manganese is introduced into a Bessemer 
converter. The majority of metallurgists believe, however, that the 
great benefit is due to the removal of oxygen from the :finished steel. 
It is impossible to distribute the air of the blast perfectly through the 
molten metal, and hence some oxide of iron will be formed in one por-
tion of the steel before all the carbon has been removed from another; 
the mangane~e introduced will oxidize more readily than iron, and 
will reduce any oxide of iron that is formed. The oxide of manga-
nese is either blown out of the converter in a :flocculent mass or 
unites with the slag, and thus leaves the steel in a more homogeneous 
condition. The amount of phosphorus in steel is not changed by the 
addition of manganese, but it seems that its deleterious effect is not so 
apparent when a small amount of manganese is present. According 
to Mm,het nothing is gained by adding manganese to steel which con-
tains no impurities. Tbe present opinion seems, therefore, to be that 
manganese is valuable (1) in deoxidizing steel, (2) in aiding the re-
moval of su]phur, and (3) in counteracting the effect of phosphorus. 
The best form in which to introduce manganese into st.eel would un-
doubtedly be that of the pure metal; but manganese is so difficultly 
fusible and oxidizes so rea.dily that it is impracticable to reduce it from 
jts ores; pure manganese, therefore, is never used. It is much easier to 
reduce a mixture of the oxides of manganese and iron and thus obtain 
an alloy of these metals, which is usually called'' spiegel iron" when 
the manganese is Jess than 15 or 20 per cent., and '' ferromanganese" 
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when it exceed thi percentage, though in practice the terms are some-
time u ed indi criminately. 
JJJ.anujacture of spiegel iron is carried on largely in Germany, France, 
and England, and lately has become a feature of .American steel works. 
The f9llowing account of its manufacture is taken by Jeans from an 
article by Forbes in the Journal of the British Iron and Steel Institute: 
The ores used for making spiegel iron vary in the different countries. 
In Germany it i made entirely from manganiferous spathic carbonate 
of iron; in Rus ia it is reduced from ferruginous oxides of manganese; 
and in Sweden it is produced by smelting a mixture of knebelite and 
manganiferous garnet, 110th of which minerals are compound silicates 
of iron and ma ganese. In one point, however, the methods all a~ree; 
namely, that in all these ores the oxides of manganese and iron, if not in 
actual combination as compound silicates or carbonates, are at any rate 
in a very intimate admixture with one another, and therein lies one of 
the most important features connected with this manufacture. Until 
the year 1872, wherever true ores of manganese bad been added to the 
usual charge of a blast furnace with the expectation of obtaining spiegel 
iron rich in manganese, it was found as a general rule tnat only a small 
fraction of the mangane.'e combined with the iron, the major part being 
carried off in the lag. For this rea on, when it was desired to pro-
duce a ca t iron containing much manganese it was deemed requisite 
that this m tal hould be added to the charge in the shape of some 
trongly :fi rrnginou compound, thereby facilitating the process of re-
du tion, ince a mixtur of the two oxide (of mangane e and iron) is 
much more a ily reduce<l to tbe m tallie state, and so nabled to 
unite with the iron, from the r st of the •barge, than oxide of man-
gan alon , whi ·h, uul the h at i very in ten 'e and the reducing 
acti n f tb furnac n arly perfect, is extremely apt to go into the 
lag in th tate of ili ate, from which it can, ub equently ue recovered 
ouly with gr at difficnl ·. Tbe oxid of mangan e are very much 
I .' a ily r du e<l and requir:1 more time a well as a much hi ·her tem-
p r· tur than the xid , of ir n, and h nc it follow that in making 
pi 1 iron parti ular attention houl<l b paid to th foll wing point : 
1. Th min ral n as urc of maugan h uld l>e in i elf 
highly ch rg with iron , o a to fa ilitate and in ur, the r duction of 
a Jar n m unt f th man an 011tain cl in i a po ·il>l . 
bar <-1 f tli forn bould l> 
MANG.A.N~SE. 561 
·Russian spiegcl iron is stnelted with charcoal nnd is known for its good 
,quality. In order to increase the amount of mang·anese in gray pig iron 
which already contains 1.2 per cent. of manganese, so as to obtain spiegel 
iron, 12 to 15 per cent. of pure native oxide of inanganese (pyrolusite) 
has been added, producing a low spiegel !ron containing from 5 to 6 per 
. cent. metallic manganese. 
In Sweden spiegel iron is made by smelting a mixture of knebelite and 
manganiferous garnet containing an average of 42 per cent. iron and 13 
per cent.,.,.manganese with equal parts charcoal and coke, the ore being 
:fluxed with 30 per cent. limestone. The ore frequently contains visible 
:particles of galena, pyrites, and zincblende, but it is stated that no sul. 
iphur is found in the spiegel iron, although the slag, which has a peculiar 
:yellow.green color when the furnace is working well, is said to contain 
4 per cent. sulphur, and up to as much as 16 per cent. oxide of man. 
:ganese. The ordinary spiegel iron made at Schisshyttan, Dalecarlia, is 
superior to the average German product, and contains an average of 13 
per cent. manganese, with about 4 per cent. cal'bon, or 5 per cent. car· 
bon and silicon. Occasionally it has been as high as 17 per cent. Alex-
ander Keiller, the manager of these works, informed Forbes that he 
was, in 1872, producing spiegel iron which averaged 15 per cent. man. 
gauese, with only 2.5 per cent. carbon, but that this metal was altogether 
different in appearance and could not be made to assume the crystal-
lized, bladed, reflecting fracture peculiar to spiegel (specular) ironJ and 
from which its name is derived. The characte.ristics of good spiegel 
fron are thus described: (1) A highly crystalline structure with large 
a11d smooth cleavage planes; (2) a tendency to iridescent tarnish, and 
(3) a chemical analysis showing 10 to 12 per cent. metallic manganese, 
which is quite sufficient for ordinary purposes, about 4 per cent. com-
biued carbon, less than 1 per cent. silicon, not more than 1 per cent. 
phosphorus or copper, and only traces of sulphur and other elements. 
Uncombined carbon in the form of graphite should not be present. 
The following analyses of spiegel iron represent the character of the 
best kinds imported into New York in 1868, 1869, and 1873: . 
Analyses of imported spiegel. 
1868. 
Percent. 
Tron.................................... 85. 67 
Manganese............................. 9.142 
Copper...... . .......................... . 032 
Nickel and cobalt ... . .. ...... .....•. ... . 005 
Silicon.................................. . 068 
Carbon................................. 5.048 
ilgfstb~~s::::::::::::::::::::::: : : : : : : .... ·: oiii. 
Aluminum.. ......... .... ............... . 082 
Calcium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 015 
99. 999 








































100. 062 100. 010 ..•........•..••••• 
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Subjoined are some further analyses of spiegel iron given by Hackney 
in the" Proceedings of the Givil Engineers, .April, 1875:" 
Analyses of other foreign spiegels. 
_________ 
1
_N_o._1_. No.a No.3. No.~ I No.5. No.6. ~~~ 
Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. Per ct. 
Iron.................... ... 89. 527 86. 000 83. 777 83. 08 75.100 70. 34 65. 81 
Manganese 5. 619 8. 500 11. 782 12. 000 12. 30 18. 870 20. 350 23. 48 28. 70 
Carbon .... :::::::::::::::: 4. 410 4. 00 4. 538 4.500 3. 90 4. 500 3. 800 5. 31 5. 28 
Silicon . . . . . . . . . . . . . . . . . . . . 161 1. 10 . 041 . 130 . 54 1. 050 • 254 . 09 · g~ 
Phosphorus . . . . . . . . . . . . . . . . 047 • 288 . 084 . 075 . 08 . 102 . 029 . 37 Tr · 
Sulphur.................. . . 017 . 03 · . 010 . 010 Trace. Trace. . 010 Trace. ace. 
Copper . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 04 . 015 . 002 . 063 Trace. Trace. Trace. 
Arsenic . . . . . . . . . . . . . . . . . • . • 288 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . · · · · · · · - · · · · · · · · • · · · · · 
------------ - 1---1----1--·-
100. 069 99. 958 100. 247 . . . . . . . . 99. 90 . • . . . . . . 99. 543 99. 59 100. 18 
J. Swedish spiegel. Authority: G. J'. Snelus, Journal Iron and Suel Instituu, 1874, page 76. 
2. Rhenish spiegel iron, from Spaeter and Wirth, Coblentz. Analyst: A. Willis. 
3. Landore spiegeliron. Analyst: E. Riley. 
4. Landore spie,rrel iron. .Analyst: A. Willis. 
5. WestCumberlandspiegeliron. Authority: G. J. Snelus, loc. cit., page 73. Analyst: G. J'. Snelns. 
0. Dowlais spiegel iron. Autl1ority: G J'. Snelus, loc. cit. Analyst: W. Jenkins. 
7. Spie~el iron made at Schiss4yttan iron works, Sweden. Authority: D. Forbes, Journal Iron and 
Steel Institute, 1874, page 467. 
Nos. 8 and 9. Spiegel iron from Illyria, Austria, made by the Krainischen Eisen-Industrie Gesell· 
schaft. Authority: D. FC1rbes, loc. cit. Analysts: Of No. 8, M. Lill; of No. 9, H. Sturm. 
The percentage of spiegel iron which is introduced into the Bessemer 
converter or into open-hearth steel varies between 1 and 5 per cent. 
according to the amount of manganese in the spiegel iron, and also 
according to the condition of the iron. If the elimination of carbon has 
been quite complete more spiegel iron will be necessary to combat oxi-
dation and leave the de ired quantity of manganese in the finished 
product. .As bas b en aid, a large part of the manganese is driven 
out of the iron into the lag, but usually about 0.25 per cent. (from 0.1 
to 0.8 per cent.) remain in the iron. Iu an example by Mr. Snelus 251 
pound of Spiegel iron containing 8.88 per cent. manganese was added 
to 72 cwt . of pig iron. If no manganese had been lost 22.288 pound 
of this metal would ha be n found. But only 7.28 pounds were 
actually found, bowing that 15 pound , or about two-thirds, bad been 
removed, lea ing teel containing 0.104 per cent. manganese. 
The following determination of the quantity of manganese in variou 
kinds of te l are given by K ler in Dingler's Polytechnische Journal: 
Anwunt of ntanganese in steel. 
Steels. Per cent. 
0. 487 to 0. 43 
o. 812 to 0. :11; 
0. 327 to o. :l:r.? 
o. 303 
0. o:J5 





0. o. , 
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It has been found beneficial in making soft steel to add 1 per cent. 
of manganese ; but as spiegel iron contains 4 to 5 per cent. carbon, 
too much of this latter substance would be introduced into the steel if 
·Spiegel iron were used to furnish the manganese . .An alloy called" ferro-
manganese," containing a larger proportion of manganese and no more 
carbon, is therefore necessary. 
Ferromanganese.-In general, when the amount of manganese in iron 
exceeds 20 per cent., it is no longer called spiegel iron, but ferromanga-
nese; the distinction is due, however, not so much to the proportion of 
manganese to iron, but to the process of manufacture. Spiegel iron is 
made in the blast furnace, and this has been the method of preparing it 
since its first use in the iron industry. But no matter what proportion 
of manganese ore is used, it is extremely difficult to introduce more than 
10 per cent. of manganese when a flux with considerable silica is used. 
When a greater proportion was desired it was the custom until recently 
to resort to qne or another modification of a process originated by Bes-
semer, in which the desired reduction_ of manganese ores is effected in 
crucibles. This process, as first 1ntroduced on an industrial scale by 
Prieger, of Bonn, consists in beating a mixture of manganese dioxide, 
small lumps of cast iron, powder, lime, gJass, and charcoal in a, graphite 
crucible. The higher the temperature the richer is the resulting alloy 
in manganese, so that it is praicticable at, the highest temperature of a 
reverberatory furnace to obtain an alloy with 60 per cent. manganese. 
A process invented by W. Henderson, of Glai:;gow, and largely used at 
Terre Noire, dispenses with crucibles. · An intimate mixture of manga-
nese carbonate, iron oxide, and powdered charcoal is heated red hot for 
several hours in the reducing :flame of a Siemens furnace. By this 
means a metallic sponge is obtained. By raising the temperature to 
white heat, the sponge melts, giving ferromanganese containing 20 to 
30 per cent. manganese. Several patents obtained in late years contain 
only unimportant modifications of these processes. But since 1873 the 
use of coke in blast furnaces and a highly basic slag has made it possi-
ble to produce ferromanga.nese containing 60, and even 80, per cent. of 
manganese by the blast-furnace process. The use of coke aids in ob-
taining a temperature sufficiently high for the reduction of manganese, 
and the basic slag does not carry off' much manganese with it. It was 
formerly the custom to use manganese dioxide in the blast furnace, but 
this is reduced to manganic oxide in the upper part of the furnace by 
carbon monoxide from the reduction going on below. This causes such 
overheating of the throat of the furnace that the gases cannot be col-
lected. The manganese ores are t,berefore reduced to manganic oxide in 
a separate furnace. • 
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The following analysis will show the constitution of ferromangu-
nese: (a) 
.Analysi3 of ferromanganese. 
• ~~~~-e_::::: :::::::: :: :::: ::::: ::: :::::::::: 
Carbon ............... . ........................ . 
Silicon .......... . ......... . ........... . ........ . 










The manufacture of spiegel iron and ferromanganese in the United 
States.-U p to the present time the greater part of the spiegel iron used 
in the Bessemer steel process in this country bas been imported from 
Europe. The largest quantity imported in any one year was 25,000 
tons. In 1870 the manufacture of spiegel iron was undertaken by the 
Ne:w Jersey Zinc Company, of Newark, New Jersey, which has furnaces 
each 20 by 7 feet, with a combined annual capacity of 5,000 long tons. 
The spiegel iron made by this company is said to be equal to the best 
that is imported, and is therefore readily sold. The following are two 
analyses of it : 
.Analyses of American spiegel iron. 
Per cent. Per .cent. 
Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83. 250 83. 23 
ri!-~~:::::::):))::::::u ,:m '::~ 
1
- 1 --1 
100. 031 100.10 
a Hofmnnn't1 Entwickelung der Ch mie, page 849. 
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inalyses of spiegel iron from Woodstock, Alabama. 
December January February February 
10, 1875. 6, 1876. 1, 1876. 3, 1876. 
Per cent. Per cent. 
Iron.................................................. 85. 11 85. 98 
~a~b~:~~~~.":.·.·.·_-_-_-_·.·.::·.·. :: ::·_-_-_·.::: ::::: :::: :: : ::: : : 1~: ~~ :: ~: 
Silicon................... . ........................... . 95 . 88 






.18 _____ ,_ ___ , __ 








The enterprise bas not proved remunerative at this place; about 
2,000 tons of manganese ore were used in all. No spiegel iron was 
made here in 1883 or 1884. A successful attempt to make spi~gel iron 
wl'ls made at the Bessemer works, in Pueblo, Colorado, in 1883. At 
present the chief producers of spiegel iron are: The Edgar Thomsou 
(Carnegie Brothers) Steel Works, the Betblelrnm Iron Company, the, 
Cambria Iron Company, the Brier Hill Iron and Coal Company, the 
Lehigh Zinc and Iron Company, and the Passatc Zinc Company. 
The manufacture of ferromanganese was attempted some years ago 
at the Diamond furnace, in Georgia. It did not prove successful. The 
only other attempt to utilize native manganese· ores in the production 
of ferrornanganese was made in August, 1884, at the Edgar Thomson 
Steel Works, at Bessemer, Pennsylvania. At this time, blast furnace 
A began making ferromanganese instead of spiegel iron. The product 
is said to contain from 80 to 90 per cent. of metallic manganese, and 92 
per cent. has been reached. The daily product is from 45 to 50 tons. 
Besides supplying their own steel plant, Carnegie Brothers are thus en-
abled to supply the open-hearth furnaces of neighboring steel works, 
and it is probable that this new departure will materially lessen, if not 
suppress, the importation of ferromanganese. 
Badfield's manganese steel.-In ordinary steel the proportion of man-
ganese seldom exceeds 0.5 per cent., and 1.5 per cent. is the maximum 
which bas been added in the ordinary processes of steel manufacture. 
Recently, however, Mr. Robert Hadfield, of the Hadfield Steel Foundry 
Company, Sheffield, England, has claimed that steel containing from 7 
to 30 p·er cent. manganese is harder, stronger, denser, and tougher than 
ordinary steel, even when the latter has been forged and rolled, and in . 
addition he believes this steel to possess properties which will make it 
exceedingly valuable for many purposes for which ordinary steel is not 
now used. In order to make this steel, melted ferromanganese (Mr. 
Hadfield recommends that containing 80 per cent. manganese, and as 
low as possible in carbon, silicon, and other foreign bodies) is· added to 
iron which bas been nearly or quite freed from carbon, or to molten 
steel. The mang~ese is thoroughly incorporated by stirring, and the 
steel is poured into ingots or other suitable molds. The percentage 
of forromanganese to be used must be varied ~ccording to the use 
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to which it is to be put. No absolutely exact proportions can be 
given. To produce a steel suitable for armor plates, sufficient ferro-
manganese to give 10 per cent. of manganese in the steel should be 
added; for wheels, axles, or railroad plant, say 11 per cent.; edge 
too1s, 12 per cent. It is claimed that the metal when melted is very 
thin and mobile, casts without misrunning, doe.s not settle as much 
as ordinary castings, and does not draw, particularly at the junc-
tion of the thin and thick parts. The steel is said to be tough 
withont forging, rolling, or hammering. An ing·ot with 9 per cent. 
manganese which had not been forged was bent l~ inches in 2½ feet 
before breaking. Hammered samples from this ingot gave a tensile 
strength of 42 tons (94,080 pounds) and 20.85 per cent. elongation. 
Besides unusual toughness the steel is very hard ; specimens containing 
V to 10 per cent. manganese can be drilled, etc., but not so readily as 
ordinary steel, while it is practically impossible to drill or turn those 
containing higher percentages. An ax made from 19 per cent. steel cut 
through ¾-inch iron. If future investigation of such manganese steel 
show that it can be m3:de regularly with the properties claimed for it, 
there is little doubt that it will be a valuable addition to the varieties of 
bard steel now in use. 
Other alloys ojmanganese.-Alloys of copper, such as brass and bronze, 
may be rendered denser and harder by the addition of manganese; if 
more than 8 per cent. of manganese is added its presence is indicated 
by the gray color of the alloy, which then becomes brittle. A beneficial 
ff ct i al o ob erved when manganese is added to bronze or bra s 
which i impure from the presence of copper oxide; manganese oxide 
i formed, which ri to the nrface and may be removed. These alloys 
f mangane have rec ived considerable attention in England in 
late year and hav come into quite extensive use in the place of gun 
metal for main bear~ngs, top and end bra ses, crank pins, etc., on large 
t amer , and it i probable that the extension of the manganese inter-
t will be in tbi direction during the next few years. 
CHROMIUM. 
BY DAVID T. DAY. 
History of the chrorniuni indu,(Jtry.-Just as the industry of nickel and 
cobalt has been developed entirely in one locality, Camden, New Jersey, 
so the chromium industry has found its development entirely in the 
neighborhood of Baltimore, Maryland, and one firm has been instru-
mental in bringing jt to its present condition, although the industry has 
spread to the Pacific coast, and the firm has reached the fourth genera-
tion. About sixty years ago it became known to Mr. Isaac Tyson that 
chrome iron ore occurred on his farm at Bare Hills, Baltimore county, 
Maryland. His son, also named Isaac Tyson, who was engaged in the 
mining bm~iness, began working out the ore and shipped it 1;o England. 
Iu 1833 be entered into an agreement with an Englishman of reputed 
scientific ability to begin the manufacture of paints, for which the 
chrome ore was decomposed and transformed into various pigments. 
The knowledge of the Englis?-man proved inadequate, and /the venture 
was not successful. Mr. Tyson, although actively engaged in business 
pursuits, then began to study the various processes for. working up 
chrome ore and similar substances, supplying the want of scientific train-
ing by most assiduous study of the ~mattered literature which France 
and other countries could furnish relative to such subjects. Meanwhile 
chrome ore was again shipped to England, this being the only demand 
for it until about 1843. The deposits at Bare Hills never furnished much 
ore; they were rapidly exhausted, and, the trade with England being 
once started, inquiry was made for new deposits. Wherever ore was 
reported it was at once investigated, and, if valuable, controlled by Mr. 
Tyson. In this way ore was discovered and worked out in large quan-
tities at Soldier's Delight, Baltimore county. In Harford county an 
enormous deposit was found which furnished ore steadily for more than 
forty years. In Cecil county ore was again found, and another large 
deposit at Wood's mine, Lancaster county, Pennsylvania. ·When this 
depo it and others in Delaware and Chester counties were reached, Mr. 
Tyson feared that more mines might be discovered than could be oper-
ated by himself, the English market might become overrun with ore 
and leave no sale for his own product in Maryland. To make an inde-
pendent market, therefore, for his ore, Mr. Tyson again applied his study 
to manufacturing, and with such phenomenal success that the works 
established in 1845 for utilizing chrome ore still monopolize the chromium 
industry in the United States. At first the yearly amount of chromium 
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salts made was insignificant, but gradually they replaced the importa-
tion from England, until finally the Baltimore chrome works supplied 
this country entirely.-
The secret of success in the "Tyson works" lies in some unpublished 
feature of their method of decomposing chrome iron ore. This substance 
resists the action of most chemical agents to an exceptional degree. 
Until the year 1820 chrome iron ore was decomposed by roasting with 
potassium nitrate (niter). In that year Kochlin introduced certain 
chromium salts in the process of Turkey-red dyeing, and they soon were 
employed for a variety of purposes, ci::;pecially in connection with dyeing 
wool. · The increased consumption led to hnprovements in the decom-
position of the ore, and potassium carbonate was introduced in the 
manufacture, instead of potassium nitrate; the oxidation was effected 
by atmospheric oxygen in reverberatory furnaces. About the year 1845 
an important improvement was made by Stromeyer in the introduction 
of a certain quantity of lime together with potassium carbonate. Not 
only was a saving of alkali effected, but the oxidation-was rendered 
easier, inasmuch as the whole mass did not fuse, and tb..erefore remained 
porous and more capable of absorbing the atmospheric oxygen. {a) As 
at present understood, therefore, the decomposition of chrome ore con-
ists in powdering the mineral by means of good millstones, heating it 
for some hours in a roverberatory furnace with potassiam carbonate and 
lime in certain proportions, and dissolving out the chromium from the 
fu ed ma s by wat r, in the form of potassium chromate, ·which is con-
verted into bichromate by sulphuric acid. This operation is put down 
in the text books as comparatively simple; but in the past twelve years 
no le s than fifteen attempts have been made to establish works for de-
compo ing chrome or , in Philadelphia, New York, and Boston. It is, 
however, an ext remely difficult matter so to regulate the manufacture 
a to produce pota ium bichromate at the present market price. This, 
by long experience and devices known to itself, the Baltimore firm is 
able to do. 
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Lancaster county, Pennsylvania, is a,n old and well-known deposit, 
from which considerable ore has been sent to Baltimore. Low's, Line-
pit's, and Jenkins's mines are also noted deposits, in Fulton township, 
Lancaster county. In Chester county chromium is found in Elk and 
Nottingham townships. It is also found in Middletown and Marple 
townships, Delaware county, Pennsylvania. 
A. few isolated occurrences of chromium ores have been noted, though 
not ~ined, in States north of t,he Maryland district: in New York, at 
Phillipstown, Putnam county, and at Wilke's mine, Monroe, Orange 
county; in Massachusetts, in Blandford and Chester townships, Hamp-
den county; in Vermont, in Jay, Troy, and Westfield townships, O~leans 
county. 
South of the l\faryland district chromium is found in Virginia, at 
Drainesville, near the Potomac, in Fairfax county. Quite recently a 
deposit of chrome ore was reported in Jackson county, North Carolina, 
which, as stated in the last report, pro-mised to yield ore of better qual-
ity than any other in the eastern States. The deposit has not, bow-. 
ever, been worked up to the present. Chrome ore is known to occur in 
small quantity in North Carolina, in Guilford county; at Cullasaja, 
Higdon's Elijay's creek, and Moore's mine, Macon county, and in Yan-
cey, Olay, Mitchell, Burke, and Watauga counties. 
Until about three years ago, the Maryland district included in it 
nearly all the mines from which chromium was obtained, but since then 
an entire change has been made in the supply. The eastern mines 
have been practically abandoned, and now all the ore comes from the 
more recently discovered deposits in Califarnia. Fifteen years ago 
Messrs. Tyson & Sons were informed by their attorney in West Ches-
ter, Pennsylvania, that his brother, living in Del Norte county in the 
extreme northwestern part of California, had discovered chrome ore on 
his farm. About this time Mr. Simpson, a Baltimore merchant~ urged 
the Tysons to aid him in working gold mines of reported immense valuo 
in Arizona. A surveyor was sent by the Tysons to Arizona with Mr. 
Simpson to investigate the supposed gold deposits. They proved worth-
less, and after Mr. Simpson had been killed by hostile Indians, the sur-
veyor thought it best to inves1igate another region and examine the 
reported chromium deposits in California. They proved to be horn-
blende rock without value, but by a mere accident, which has always 
been a feature of chromium discoveries, he found a large deposit of 
chrome iron ore in another part of the county. For some years past 
the deposit bas been worked and large quantities of ore have boon ex-
tracted by the Tyson Mining Company, and as yet there are no signs 
of exhaustion in this field. Following the discovery in Del Norte county 
cal?e that of ore in Sonoma, San Luis Obispo, and Placer counties; and 
chromium is now known to be common throughout California, having 
been noticed in more than half the counties of the State. The 1rnd1.~y 
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veloped deposits and mere croppings are, in fact, too many to admit of 
their enumeration here. Chromium also occurs elsewhere on the Pa-
cific coast, but to what extent or of what quality bas not been deter-
mined, no attempts at utilizing it having been made except in Califor-
nia, where it has been mined and shipped to eastern markets at the 
rate of about 3,000 tons per year since its discovery. The deposits in 
California mo~t entitled to notice, because of their magnitude, good 
grade, or the extent to which they have been worked, are the follow-
ing: Near Litton Springs, Sonoma county, from which the:i;e were ex-
tracted some years ago about 2,000 tons of ore, cost of mining and de-
livering at San Francisco about $4.50 per ton, average price obtained 
about $9 per ton ; Sow Divide copper mines, Del Norte county, from 
which there were taken some years ago several thousand tons of good 
chrome ore-no work has been done there lately; Campo Seco, Cala-
veras county, a good article and in large quantity. This last-naJ1}ed 
deposit can be worked to good advantage when the narrow-gauge rail-
road now in course of construction shall reach Campo Seco. In San 
Diego gulch, in the same county, there is said to be .an isolated mass 
of chrome iron that will weigh thousands of tons. From the chrome 
mines of San Luis Obispo county the largest amount of ore has been 
shipped, the total exceeding 15,000 tons. This was a number of years 
ago, no shipments having been made lately from that county owing . 
to the low price of chrome ore. Most of the chrome now being ex-
tracted in California comes from Placer county, from which shipments 
have averaged in 1883 and 18 4 about 2,000 tons per annum. Just now 
tuis indu try is much depre ed in California, but with prices slightly 
improved it would more than r gain its former activity. All of the 
ource utilized are a a rule worked by the Tyson Mining Company. 
0th r companie are al o engaged in the work of extracting ore in a small 
way. It i tak n by wagon to the nearest railroad and transported to 
au Franci co. If not alr ady the property of the Tysons it i all 
bought by them and hipped in ailing vessels by way of 0Uipe Hom to 
Baltimore. A mall amount i exported. 
At pre nt there i no indication of exhaustion in the California 
mine , and y t ev ry effort is being made to discover new depo its, for 
th rea on that th e depo it are not found in veins or lead from the 
direction of which new min can be pr dieted, but in isolated pock t 
of all iz , ometime yielding only a few pound and sometime many 
thou ud ton . The miner i n ver ure but that the next day may :find 
hi d po it xhau t d or the quality of the ore no longer profitabl . 
Th only rul that ha b en found is that the ore i riche t at th ur-
fa and crea e in value a th mine becom deeper. The valu f 
a min d r a e v ry rapidly with the depth; for, in additton to th 
c t of ttin or to the urface nd of keeping out water from th 
min , th or contain le chromium. The mine in the ea tern tat 
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are by no means exhausted; the reason why the California ores have 
been substituted is because they are nearer the surface and therefore' 
richer. As the cost of grinding and decomposing the ore is the same 
for rich as for poor grades the rich ores are more p1~0:fitable ; moreover 
the higher the percentage of chromium in the ore the easier is its de-
composition. . 
The general results of over one hundred analyses of ore found in Cali-




Del Norte county ..•. --------................. :; ~ !: 
i!~:rc~~!!{y::::::::::::::::::::::::::::::::: 35 fu 55 
Tuolumne county . . • . . . . . . . • • . . . .. . . . . . .. . . . . . 44 to 45 
San Luis Obispo county. . . . .. . . . . . . . . . . . . . . . • . 38 to 60 
El Dorado county . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Foreign sources.-Ores of the same character as those of California 
are found in Turkey, Russia, and Asia Minor. From this last source a 
small quantity of ore annually finds its way to Baltimore. The amount, 
however, is small and irregular. Nearly all the ore which supplies the 
Scotch and French manufactories of chromium salts comes from Russia. 
The ore is mined in Siberia and transported to St. Petersburg on rafts 
dow_n the various watercourses. These rafts start on their journey in 
the spring, are frozen up all of the next winter, and reach their desti-
nation the second summer. The rafts are sold for lumber and the ore 
is shipped to England. By this means ore is mined in a remote region 
at small expense; without this cheap system of rafting competition 
with American ores would be impossible. 
Character of the ores.:--Chromium occurs as a constituent of sev-
eral minerals. Crocoite, for example, is chromate of lead ; the green 
color of the emerald is due to traces of chromium; while penninite, 
chromic mica or fuchsite, and other minerals owe their color to this 
metal. But the ore from which chromium is always obtained is chro-
mite or " chrome ironstone." Its composition may· be expressed by the 
formula Fe0r20 4 ; but part of the chromium may be replaced by iron, 
or the iron may be partly replaced by magnesium, and the replacements 
are found in ore far removed from the surface of the ground. Alumi-
num is also sometimes present, and silica is often found in the sand 
ore, or ore containing the chromite in the form of small grains. The 
purest ore is found in lumps weighing sometimes several pounds. 
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Production.-The following table represents about the amount of ore 
mined in the last three years; it is all from California: 
Production of chrome ore in California. 
Tons Value 




1884 .•••••.•••.•••••• ••.•..•••. •••••. 
2, 500 $50, 000 
3, 000 60, 000 
2, 000 35, 000 
7, 500 145, 000 
There is no regular spot value for chrome ore at the mines, as the 
cost varies irregularly in each district and much is mined by the manu· 
facturers' agent who owns the mine. In San Francisco the ore is worth 
from $18 to $20 per long ton. By the time it reaches Baltimore the 
cost is from $35 to $40 per long ton. The total amount expended there-
fore for chrome ore in 1883 and 1884 was about $190,000. 
Exports.-The value of ore exported from 1864 to 1883 is given in the 
following table: 
Value of chrome ores exported from the United States, 1864 to 1883 inclusive. 
Fiscal years ending June 30-
1864 .••••...•.•.........•••.............. . ····•·· 
1865 ..•.••..••............•...•••.........•...•.. 
1873 . ••••••.••••••••. .• .• • ..•.•. •••...• .. . -· .... · 
1874 ..••.•.. .. ........ ... .... •. .....• .•.. .... . • . . 
1880 . .•••.• ·········•··················••·· .. ... . 
]882 .. ......•.... . .. ........ ····••••· ........... . 
1883 ....... ······························ ....... . 
1884 .. ........ ....................... ....... .... . 







1, 5481 2,905 
(a) 
Utilization.- early all of the chrome ore used in the United States 
is made into pota ium bichromate by J e e Ty on & Sons, at Baltimore. 
About 50 ton a year i made into chrome steel at the Brooklyn Chrome 
Steel Work . ota ium bichromate is therefore the one salt from 
wlti.ch all other comP,ouncl ha-ve been obtained. The amount of pota · 
,,ium bichromate produced in the United State i in all about 1,500 ton 
a year. Of this, a ·mall quantity, amounting to about 250 tons a year, 
i made by arri on Bro ., who have been making bichromate for about 
tbre year pa tat th branch of their color work called the Kalion 
ork , bilad lphia. 
Import .-Be id th dome tic product about 1,000 ton of bichro-
mat ar annually imported from cotland und r a duty of 3½ cent p r 
P un . hromic acid, which i btained from th bichromate, i al o 
imp rt in mall m unt ·; it would probabl come a mor · xt u i 
rticl f c m1 r ~xc pt for the danger of it. tting fire to v · 1 
and ,·tor ho 1 · -,. ' h following table gives the a ·tnal amount 
P rt <l , nd th ir v, ln fr m l 67 t tlle end of the fi cal year 1 
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Chromate and bichromate of potash an.d chromic acid imported and entered for consumption 
in the lJnited States, 1867 to 1884 inclusive. 
Flacal years ending June 30-
1867 ••••••.•••••••••••••••••••••..•••••••.•...••. 
1868 ..••••••••••••••••••••.••••••••••.••••...••.. 
1869 ..•••••••••••••••••.••••• •••••••••·••••·•••·· 
1870 ..•.•.•••••••.••••. •·•••·••••·••••··••····•·· 
1871 ..••••••••••••••••••••••••••••.••••...••..••. 
1872 ..•••..••.•.• •• •...•.••••••••••••.••••....... 
1873 ..•••••••••••.••••• ·•••••••••·· ••••••.•...... 
1874 ·•·••••••••••·•••••••••••••••••··••··•··•·· .. 1875 ··••••• .•••••.••••••••..••.•••...••••••...... 
1876 ....•.•.•••••.•.••....••••••••.•••••• ·••··•·· 
1877 ..••••••••••..•••••..•••••••••••••...••...•.. 
1878 ..•••••.•••••.••.••••..••••.•••••.••.... .•.•. 
1879 ··•··••·••··• .•••.•.•••••.••.••••.•.......... 
1880 ........ •• •..•••••..••••• ·••·••••·•·• .••..... 
1881 .•.••••.•••••••••.•...••..•••••.•.•...••..••. 
1882. ··••••··••••··•·••••·••••••••••· .•.....••••. 
:!::::::::::::::::::::::::::·::::::::::::::::::: 
Chromic acid. , C:hromaro and biohro. mate of potash. 
Total 
l-------+-----,----1 value. 












































































Sodium bickromate.-On account of the less cost of sodium carbonate 
it has frequently been proposed to substitute it for potassium carbonate 
in the decomposition of chrome iron ore, and thus pr<?duce sodium bi· 
chromate instead of the potassium compound. There are several obs ta. 
cles to this: The decomposition is not as readily affecte<L with sodium 
carbonate as with potash, and, further, sodium bichromate is by no 
means as easy to crystallize as the potassium salt, and in fact it is with 
great difficulty that sodium bichromate can be crystallized at all. But 
about three years ago the manufacture of sodium bichromate was intro-
duced by German chemists, and the effect on the industry can already 
be seen. Before this German innovation, factories in Scotland and 
France supplied Europe with chromium salts. The introduction of so-
dium bichromate has brought about competition with Germany, amount· 
ing to a chromium war. The Scotch and German manufacturers are 
trying each to drive the other from the field. In 1882 the price of po-
tassium bichromate was 15½ cents per pound. In 1883 it fell to 12 cents, 
and it now is selling in this country at 10½ cents, the lowest price it has 
ever reached. What the outcome of this competition may be can be 
~nrmised from the fact that _within the last few months the Baltimore 
tirm bas begun the manufacture of sodium bichromate, though only as 
an experiment so far. For many purposes sodium bichromate can take 
t lie place of the -potassium salt without disadvantage. For example, in 
any use where the oxidizing action of the salt is the only point to be 
con, idered, as in the manufacture of Turkey red, or alizarine, one salt is 
as u etnl as the other. The most important .application of potassium 
bichromate in the arts is for calico printing.. For this purpose dyers 
prefer potassium bichromate to sodium bichromate. In how far this is 
mere prejudice it is not possible to say. In the manufacture of pigments, 
in which bichromates find application for making '' chrome yellow," 
'' chrome orange," and "chrome green," either salt can be used. 
• 
TUNGSTEN. 
BY DAVID T. DAY. 
The only source of tungsten discovered since the list of localities 
was published in "Mineral Resources of the United States, 1882," page 
431, is at Irish creek, Rockbridge county, Virginia. The occurrence of 
wolframite at this place was discovered by Mr. W. G. Brown and an-
nounced in the Americ~n Chemical Journal, VoL 6, page J 85. It is found 
with cassiterite in the closest connection with quartz. The tin-l>eariug 
veins in which the wo1.framite is found, have been followed to a depth of 
from 12 to 20 feet. They run northeast and southwest conformably with 
the common strike of the rocks of the Blue Ridge, but sometimes nearly 
at right angles to this. The wolframite is found in rough crystals or 
irregular masses, mixed with the products of its disintegration, in all 
stages of weathering, from the almost fresh unchanged mineral to red 
ocher. In SOIJ?-e specimens the cassiterite is wholly imbedded in tlie::-e 
decomposition products. The Charles Lane mine, at Monroe, Fairfield 
county, Connecticut, is regarded as the most important source of tungsten 
in the United States. In this mine wolframite and scheelite occur with 
the sulphides of iron and copper. The mine has been worked for gold 
and argentiferous galena, and wolfram is sometimes saved. In 1872 
about 1 ton of wolfram was mined. This was the largest amount ever 
obtained at one time, though several small quantities have been mined 
since, chiefly for experimental purposes. In 187 4 the Booth mine, located 
1½ miles due east of the Lane mine, was opened, and since then indica-
tions have been obtained of larger amount of tungsten minerals than 
in the Lane mine, but none has been mined. The information in regard 
to the e deposits is due to Mr. Minot Booth, of Monroe, Uonnecticut . 
No effort has been made to mine the small amount of wolfram and other 
tungsten minerals known to exi tat Mine la Motte, Mis ouri. About 
30 pound of wolfram have been obtained from the Ein tein silver mine , 
JO miles we t of Fredericktown, Mi souri. 
here ha been ome inquiry for tungsten minerals during 18 4-, which 
rongbt out the fact that dealer can furni h powdered wolframite con-
tai ing 39 per cent. tung tic acid for 12 cents p r pound. It can al o 
imported at 8 cent per pound containing 35 to 55 per cent. tung tic 
acid. The chief impu.ritie in the imported ore, which is an impor-
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tant consideration for use in maki?g steel, are given in the following 
analysis·: 
Partial analyBiB of Girman wolf ramite. 
Tungstio aoid ................................... . 
Iron .......••••.••.•••••.•.•••.•....••....•.....•. 






It is understood that an attempt is about; to be made to manufacture 
steel containing a small amount of tungsten in one of the steel works 
near Philadelphia. It is evident from the amount of sodium tungstate 
sold in England and Germany, for rendering fabrics and even woodwork 
fireproof, that this use of tungsten is increasing. 
PLATINUM. 
Domestic sources.-Platinum has been found in small quantities in 
various parts of the country, associated with free gold in placer depos-
its. Indeed its distribution has been almost co-extensive with these 
deposits, but in most localities the quantity is altogether t.oo small to 
admit of economic working, and it is only from the placers of the 
Pacific slope, north of the Central Pacific railroad, that it pas been pro-
<l uced in merchantable quantity. The following are the loc~lities at 
which most of the platinum heretofore collected in California has been 
procured: Hay fork,, a branch of the Trinity river, occurring here in fine 
grains, mixed with the placer gold, to an extent sometime8 sufficient to 
reduce the value of the gold by 8 to 10 per cent.; on the North fork of the 
Trinity platinum is less plentiful but occurs in larger grains, the largest 
pieces ever found weighing between 2 and 3 ounceR; in Butte couuty. 
in the hydraulic mines around Cherokee and Oroville, occasionally for 
nine parts of gold found in this locality one part is found of platnmw 
and its allied metals; in Mendocino county, in Anderson valley, Nova.rro 
river; in Plumas county, on the principal forks of Nelson creek and at 
Badger and Gopher hills; on the Salmon river, and in the beds of the 
larger streams in Sierra., Trinity, and Del Norte counties; on the ocean 
beach b~tween capes Blanco and Mendocino ; on the Mercecl and Tuo-
lumne rivers. Going farther north the amount of platinum increased. 
On the Oregon coast the proportion of gold to platinum in the placers is 
sometimes 5 to 1, and in rare instances the amount of platinum equals 
the gold. Platinum has been reported as occurring in Idaho, and in the 
Black canon, and on the Agua Frio, in Arizona, though the occurrence 
in the latter Territory is not well authenticated. 
Foreign lncalities.-The most important sources of platinum are the 
hydraulic mmes at Nizhne-Tagihlsk and Goro-Blagodat, in the Ural 
mountains, where the ore is found with chrome-iron ore in serpentine. 
About 80 per cent. of the world's production comes from this source. 
Next in importance are the gol<l washings of the Pinto, in the province 
of Antioquia and tbe headwaters of the At.ral river in the United States 
of Uolombia, where it is bought by the traders in inland towns and sent 
to Buenaventura, thence to Paris; about 15 per cent. of the entire prod-
uct come from this ource. In Brazil the ore is found in the province 
of Mina Gerae , asi,ociated with syenite. It is found also in the N atoos 
mountain in Borneo, in Hayti, Peru, India, Australia, and in the sands 
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o[ the Ohaudiere river in Quebec. It has been noticed lately in a quartz 
vein impregnated with gold-bearing iron pyrites, which was struck 
when deepening the shaft of the Queen of Beauty Gold Mining Oom- , 
pany's mine, Thames gold district, New Zealand. ~he interest in this 
deposit lies in the fact of the extreme rarity of platinum ores in place. 
Character of the ore.-Platinum "ore," as it is called, contains all the 
metals of this group, together with iron, copper, titanic iron ore, etc. 
It is sometimes, though seldom, found crystallized in cubes and octo-
hedrons, but more usually in rounded or :flattened grains or ''sand" 
having a metallic luster ; occasionally in large nuggets. The ore is very 
rarely found in place, but mixed with placer gold sands. The speci-
mens containing the largest proportion of platinum have been found in 
Brazil. The following are analyses of platinum ores made by Deville 
and Debray. (a) California ore sometimes yields the refiner only 50 
per cent. of its weight in pure platinum. 








lia . Urals. 
- ---------- ----- - --- 1-·---1-- - ---- -----
Platinum .......... . ........... . ........... . ... . ......... .. . . 
Gold ........•.... . •••.•.••....••..•••.•..••...••....•... •.. . . 
Iron : .... . ••..•.......••....•...• ••• • .••.••.. ··········•····· 
Iridium .... . •.• . ..•••••.••.••••.•.••••.•••••..•.•.•. ····••··· 
Rhodium ..•.......•... . ••...•...•..•...•.•....•.......•..... 
Palladium .................................................. . 
g~~:idi~---_::: :::::::::::::::::::::::::: :: : :: : : : : : : : : : : : : : : 
Sand ............................••.......• , .....••...•..••... 
Per cent. · Per cent. 
86. 20 85. 50 
1. 00 . 80 
7. 80 6. 75 
. 85 1. 05 
1.40 1.00 
. 50 . 60 
.60 1.40 
. 95 1. 10 





















Total ..................•. . .•.......•..•.....•.......... 100.25 rn:-i:510().2()1-100;50 
The substance termed osmiridium (iridosmine) is an alloy of osmium 
a.nd iridium, which is separated by its im;olubility in nitro-hydrochloric 
acid. The sand mentioned contains quartz, chrome-iron ore, hyacinth, 
spinel, and titanic iron. 
Production.-A.s early as twenty-five years ago the miners of Cali-
fornia, finding small quantities of platinum sand in their sluices with 
the gol<l, were in<luced to collect and save it, under the impr'ession that 
it commanded a higher price than -was actually the case. Hence, dur-
ing the first few years of placer mining in the State several hundred 
ounces of platinum, alloyed and mixed with the other associate metals, 
were annually sold in San Francisco. Latterly, however, with the de-
crease in hydraulic mining, the amoun't has been much less, reaching 
not more than 100 or 200 ounces per annum. For this platinum sand 
75 cents per troy ounce is paid, the purchaser (there is but one at pres-
ent at San Francisco) shipping it to London. No attempt has been 
a "Annales de Chimie et de Physique," third series, Vol. 56, page 449. 
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made in San Francisco to refine the sand or to put it in shape for man· 
ufacturing. 
The production of platinum in the United States during 1883 is esti· 
mated at 200 troy 01;mces, and in 1884 at 150 troy ounces. 
Imports.-The platinum used in this country comes . almost entirely 
from Russia, principally thr.ough the agency of' Johnson & Mathey, of 
Covent Garden, London, who have been for many years the largest re· 
refiners of platinum in the world. Occasional importations are also 
received from Quennessen, Le Brun, and F. Desmontis et Oie., Paris. 
A trifling amount of ore is imported from Buenaventura, South .Amer· 
ica, and refined, with other platinum, by Baker & Co., of Newark, New 
Jersey. The other dealers either import altogether or manufacture 
platinum vessels from plate and scrap. From one.half to three.quarters 
of the importations consist of platinum ranging from chemically pure to 
that ·containing 1 per cent. of ·other metals. Nearly all of the balance 
is alloyed with 5 per cent. of iridium, for the_purpose of making it hardAr 
and more elastic; while a small proportion contains a little higher per· 
centage of iridium, ranging as high as 10 per cent. of the latter metal. 
The price of refined platinum has risen steadily during 1883 and 1884. 
In the early part of 1883 the impprters' price was $6.50 to $7.50 per 
troy ounce, according to the quantity bought; at the close of 1884 the 
price was $7.50 to $8.50. The following table gives the importations 
from 1867 to 1884 : · 
Platinum imported and ent:rea for consumption in the United States, 1867 to 1884 inclusive . 
.. 
Fiscal years ending June 30-
1867 .•..•...•••..••••.•••.•. ······•••••• •.•••• ·•·····••· 
1868 ..••.. ··••••·••·••••••·••·•••·•·•··•· ...•.•........•. 
1869 ··••••·•···•••••••••··•···••····•·•·••···•··•••····•· 
1870 ····••·•·• ..••.••••••••••••...•••••.•••...••••..•••.. 
1871 .•••..•••..•.•.•.••.... ·•••···••· ••••••••...••....... 
1872 ··••·· ·••·••·••· .••.•.•••..••••.••••••.....•••..•.... 
]873 ...•.• ·••·····•·••••••···•··•···•···•·••·••·········· 
1874 ···•·· ·•·•······••··•·••··•····•··•••·• .••.•......... 
1875 .... ·•••·••••····••·•••·•·•·•·•··••····•••••· ··•····· 
1876 ·••··••·••··••·••· ··••·· ••·••·· .••.•••••...•......... 
1877 ...•.•.•...•.•...••••.•.••. ·••••• .•.....•.•.. , ...... . 
1878 .........•.••....••...... •••·••·••··••·· .•..••.•••..• 
1879 .......• ••••··•· •·•·•••·•••••· ••••••.••.•••......... 
1880 ...................... ·•••••••·•••••• ·••··••••· ....• . 
1881 ·····••·•••·•••••••······•••·••·•••·•····•·••••······ 1882 .................................................... . 
1883 •••·••••••• • •••·•••·••••••••••·•••· •••·••••••••••••·. 
1884 ..................... ··••··•••······••·····•·••······ 
U nmanufactured. 
Manufact. , ________ Vases or 



















Quantity. Value. etc. 
Pounds. 
:::::::::::: --$95;2os· ···i20:274 
. . . . . . . . • . . . 80, 014 22, 004 
. • • • . . . . . . . . 99, 984 16, 294 
. . . . . . . . . . • . 108, 244 22, 470 
. . . . . . . . . . . . 91,472 21, 816 
.... .. .... .. 90,771 9 
. . . . . . . . . . . . 123, 293 59, 698 
. • . . . . . . . . . . 141, 188 18, 082 
. . • • • . . • • • . . 141, 207 7,421 
. .• . • .. . . . . . 81,925 18,611 
. . . . . .. . .. . . 120 121 50, 133 
. • • • • . . . . . . . ]66: 178 34, 209 
. . . . . . . . .. . . 217,144 41,827 
. .. .. . . . . . . . 273,343 21,292 
3, 125. 60 285 731 48, 452 
3, 104. l5 2P8: 799 92, 967 
2, 846. 00 289, 898 83, 112 
Exports.-Platinum is occasionally exported, principally in the form 
of u ed.up sulphuric acid sti1ls which are sent to Europe for repairs. 
Some scrap is also exported. The following table gives exports since 
1880: ~ 
PLATINUM. 579 
Value of platinu,m exports. 
Fiscal years ending June 30- Unmanu- Mann- Ol
d 
factored. factored. ~~: 
- ------------~-------,--- ------
1880 .••..•••••...••....... _. • . . • . . . . • . . . . . . . . . • • . • • • . . . . . . . . . • • . . • • • . • • . . • . . . . . . . . . • . . . . . • . . $600 
1881 ..•..••••...•..• • .... . .•..... · ...•. ~ .................... ·. . . . . . . . . . . . . . . . . . . . • . • . . . • . . • • • . . . 4, 222 
1882 ..•••..••..••••...•... ; •. . .. • . . • . . . . . . . . .. .. . • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . .. .. . . $19,244 . . • .. . . •. 
188:c\ .••••.....••..•..••••••• ·•. • • • . . . . . . . . • • • • • . . . . . . . . . . . . . . . . . . . . . • . . . • . . $6, 250 21, 600 
1884 . . . . ..... . . . ... ..... : ...... . . .. .... . ... . ............. . ....... .. ..... . · 1 · . . . . . . . 18, 587 1, 130 
Uses.-The principal consumption of platinum is in the manufacture 
of chemical apparatus. In the form of various utensils, such as eva p-
orating dishes, crucibles, retorts, funnels, spatulas, combustion boats, 
blowpipe tips, foil and wire, platinum forms an essential though usually 
small part of the equipment of every chemical iaboratory, on account 
of the high temperature at which it melts and its property of resisting 
the action of acids. Platinum enters also into the field of chemical in-
dustries in some cases where laboratory operations have assumed manu-
facturing proportions. Particularly in the concentration of sulphuric 
acid large evapora,ting dishes and retorts are used by perhaps more 
than half of the manufacturers in this country and England. Where 
platinum vessels are not used in sulph1iric-acid manufacture. iron an<l. 
glass are substituted. The comparative advantages and disadvantages 
of these kinds of vessels have left neither markedly in preference. Pla-
tinum vessels are used in sulphuri~-acid manufactories where care is 
taken to produce an acid which contains no nitric . acid, for the latter 
slowly dissolves the metal under these conditions. When cracks occur 
in the dishes they are soldered with gold; after this the corrosion got:s 
on faster than before, due it is claimed to galvanic action set up by tlte 
gold and platinum. When inuch sulphate of. lead is present in the 
. pans.it exerts a grinding action on the dish and shorten~ its term of 
usefulness. By cal'.eful handling, however, it bas been found profitable 
to use platinum in spite of the original cost and gradual waste. Pla-
tinum is very useful also for making many instruments of' precision, 
especially standard weights and measures; for the latter an aHoy of 
platinum and iridium is used. In Hofmann's report on the Vienna Expo-
sition of 1873, an account is given of the effort to use platinum as coin. 
Previous to 1827 the Russian• government established a large refinery 
for platinum with a view to working up the ore found in the Urals, bnt 
the uses for the metal were ·so limited that 396 pounds had accumulated 
in the mint by 1827. To dispose of this surplus it was sent out a; 
coin. No one was obliged to accept it, and it soon became unpopular 
because of the fluctuations in the market value of platinum. · The dif-
ference between the face and market value of the coins became so great 
that in 1845 the Government was forced to redeem the coin. . In all 
4,146,504 rubles were coined, and 3,263,292 returned to the treasury. 
With the stoppage of the coinage the annual yield fell from an average 
of _3,600 pounds to ;t,440 for the next ~en years. In 1858 a Russian com-
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mission assembled to reconsider the question of platinum coinag~, in 
order to dispose of the large amount in the treasury. They decided · 
against the coinage, however, from the experience of the former at-
tempt. The purification of platinum by the mint was then abandone?, 
and since that time the crude platinum industry has been free in R~s~ia 
and the refining is carried on in other lands. The following statisti?s 
serve to show the fluctuations in the annual yield of platinum ores ID 
the Urals: 
Yield of platinum ores in .Russia. 
Previo'ls to 1827 ...•••.•••••.••...••••. 
1827 to 1842 inclusive .....••.•.....•.. 
1843 ............•....•.••..•••••.••.... 
1844 tll 1861 inclusive . • • • • • . . . . . . . .... 
1862 ·•••··••••••·••·•·•••••· •••••••••·· 
1863 .•••••.•••.•••••••••••••••••••.•••. 
1864 .••••..••••. ··••••·•••··•••••···•·· 
1865 ••••·•·•••••·•••••·•••·• .••••.•.••. 
1867 ·········•••···•·· .•••...••.•....•. 













Platinum is used for pins in D,rtificial teeth. Vessels of copper, bra~s, 
etc., may be plated with p_latinum by welding the platinum foil to the 
other metals. Dishes made in this way withstand the action of acids 
even when the coating is very thin, but they are apt to scale when 
heated highly. They have not come into use because of the care neces-
sary in making them. Tips of lightning rods are · frequently plated 
with platinum. Finely ilivided platinum is used as a luster in porce-
lain painting. Reflecting surfaces on glass have been made quite suc-
cessfully with a thin coating of platinum. By polishing a surface of 
glass and using a co~,ting on this for direct reflection, mirrors can be 
made even when the glass is somewhat imperfect; such mtrrors in cer-
tain physic~l instruments have the advantage of transmitting just 
enough light to enable observations to be made conveniently through 
the mirror. 
As an addition to other metals platinum has never been markedly 
useful. It is itself rendered more suit3,ble for instruments of measure-
ment by the addition of iridium, usually in the proportion of nine parts 
of platinum and one part of iridium. This alloy is harder and less fasi· 
ble than pure platinum, and compares with steel in elasticity. If the 
proportion of iridium reaches 20 per cent., the alloy is scarcely attacked 
.by nitro·hydrochloric acid. 
These uses, though numerous, do not consume a large amount of 
platinum, and the extension of the industry must be looked for in new 
nses nfficient to consume the quantity of the metal which the known 
urce can furni h. Lately the use of incandescent electric lights and 
al o ga. jet made luminou by a heated platinum spiral have caused 
an increa ed demand for the metal, and the steady rise in price during 
the la t two year may be referred to this cause. 
IRIDIUM. 
BY WILLIAM L. DUDLEY. (a) 
In the year 1803, Smithson Tennant, while investigating'the metallk 
residue which remained when platinum ores were dissolved in aqua, 
regia, thought he had discovered a new metal. Descotils, Fourcroy, arnl 
Vauquelin were at the same time examining sinlilar residues, and they 
also came to the conclusion that a peculiar metal was present ; but, 
however, in 1804, Tennant announced to the scientific world that be bad 
proved the presence of two new metals in these platinum residues, to 
one of which he give the name of iridium, on account of th~ irides-
cence of some of its compounds; and to the other, the name of osmium 
(derived from the Greek 6aµ-,J, smell), because of the peculiar odor which 
its volatile oxide possessed. 
Occurrence.-The geographical distribution of this metal is quite wide; 
it is found in California, Oregon, Russia, East India, Borneo, South 
America, Canada, and Australia, and in small qu~ntities in France, 
Germany, and Spain. The principal source of supply, however, is Rus-
sia, where it is found associated with platinum and gold in. the placer 
mines of the Ural mountains. Iridium is found in considerable quan-
tities in the platinUJil ores, in the forms of platiniridium, which is an 
alloy of platinum and iridium, and osmiridium or iridosmine, which is 
an alloy of osmium and iridium. The platiniridium occurs in grains, 
and sometimes in small cubes wiiih rounded edges. The iridosmine is 
usually found in the form of flat, irregular grains, and occasionally in . 
, hexagonal prisms. The composition of these minerals is shown in the 
followi~g analyses : · 
Analyses of platiniridium and osmiridium. 
Platiniridium. Osmiridium. 
I 
Urals. Brazil. Urals. New I Califor-Grauada. nia. 
Austra-
lia. 
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
Iridium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76. 80 27. 79 55. 24 57. 80 53. 50 58. 13 
Osmium................................ . . . . . . . . . . Trace. 27. 32 35.10 43. 40 33. 4ti 
Platinum............ . .................. 19. 64 55. 44 10. 08 . ............................. . 
Rhodium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 86 1. 51 . 63 2. 60 3. 04 
Ruthenium....... . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 85 6. 37 . 50 5. 22 
Palladium . . . . . . .. .. . . . . . . . . . .. . . . . . . . . . . 89 . 49 Trace. . ............................. . 
Iron ...... .... . . . . . . . • .. .. . . . .. . . . . . . . . . . . .. . . . . . . 4. 14 Trace. . 10 .....•.•...••..•.... 
Copper. . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 1. 78 3. 30 Trace. . 06 . . . . . . . . . . . 15 
l 99. 11 98. 02 J 100. oo -100. 06 ~
1
----iiio. oo 
a A portion of the material here presented has been published in a paper read pefore 
the American Institute of Mining Engineers, at the February meeting, 1884. 
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It is impossible to obtain any accurate data as to the production of 
the metal, for the reason that in Russia the Government endeavors to 
ta,k~ possession of all the ore which . is mined or extracted from t~e 
platinum ores, and it is stored in the vaults of the imperial mint. It _1s 
said that the reason for this is that some years ago speculators were m 
the habit·of adulterating gold dust with finely divided ir:idium ore, which 
frequently escaped detection until it had caused great damage to the 
machinery u.sed in coining. Much of the platinum ore which is 'mined 
in the Ural mountains is refined in Germany, France, and . England, 
from whence comes most of the iridium used in this country. California . 
promises· to be a source of supply, as soon as the demand for the metal 
is such as to justify .the miners in prospecting for it. At present most 
miners are completely ignorant of the properties and value c,f the min-
eral, and in consequence it is thrown away as refuse. On the authority 
of Mr. Henry G. Hanks, State mineralogist of California, iridium, iridos-
mine, platiniridium, and platinum are found quite abundantly in the 
river sands of the northern counties of that State. Considerable quanti-
ties accumulate in the mints and assay offices, obtained from the cru-
cibles in melting placer gold. 
Iridium or~ is a source of great annoyance when mixed with gold-
dust on account of its specific gravity, which is about 19.3, being nearly 
the sanie as that of gold. Consequently, it is impossible to separate 
the gold from the iridium by the process of washing; the separation 
may, however, be made either by the amalgamation of the gold (as 
neither iridium nor its ores combine with mercury), or by dissolving out 
the gold in aqua regia. 
In the mints these metals are frequently separated by melting the 
gold dust and allowing the molten mass to remain in the crucible for 
some time, during which the iridium slowly settles to the bottom, as it 
does not alloy with the gold under such circumstances. The gold is 
then poured off from the top, and the .dregs in the bottom of the cruci- -
ble are found to contain the greater quantity of the iridium. The gold 
contained in the dregs is then dissolved and the iridium remains in the 
residue. 
In the San Francisco mint 150 to 300 ounces of iridosmine is accu-
rnul~ted annually. 
Iridium is also found in the Brazilian placer gold, but no data as to 
tlie quantity can be obtained, for the reason that few of the placer re-
gions in Brazil are systematica1ly worked, the gold being collected 
mostly by straggling miners. 
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Iridium imported and entered for consurnption in the United States, 1873 to 1884 in-
clusive. 
Fiscal years ending.June 30-
1873 . .' ....••••••••.•.•.•....•••.••..........••••. 
1874 . .•.•.•..•.••.••..•••.•...• ·•••••·····••·•••· 
-1875 ..•••.....•••••..•..•.•..•..•...•.•••.••....•.. 
1876 ..•••...•...........•....••••...••....•..•... 
1877 .••••.....••.•....•.••......••..••........•• . 
1879 .........••..••••.•..••...•..•.•.•••..••...•. 
1881. .•...... • .. ··••·· •••.•••••..•...•...•..••••. 
1882 . ....••.•...........•••.•.•... ~ .. . ....•...... 
1883 ...... . ....•........•....•...•............••. 
1884 . .•..... . ....•.•••.......••...••..•.......••. 












Properties.-lridium possesses a white luster, resembling that of · 
steel; its hardness is about equal to that of the ruby; in the cold it is 
quite brittle, but at white heat it .is somewhat malleable. It is one of 
the heaviest of metals, having a specific gravity of 22.38. When heated 
in the air to a red beat· the metal is very slowly oxidized; but · upon 
raising the temperature to about 1,000° 0., it parts with its oxygen, 
and hence at a high heat (above 1,000° 0.) it is not oxidized. It is in. 
soluble in all single acids, but is very slightly soluble in aqua regia 
after being heated in the state of fine powder for many hours. In a 
massive state, however, aqua regia does not attack it. When an alco-
holic solution of the sulphate of iridium is· exposed to sunlight, it de-
posits an impalpable black powder, which has.the very peculiar property 
of setting fire to a piece of paper saturated with alcohol when brought 
into contact with the slightest trace of it. 
Iridium is one of the most difficultly fusible of the metals, as will be 
seen from the following partially successful attempts to fuse it. In 
Gmelin's" Hand.book of Chemistry," Vol. 6, we find the results of some 
of these experiments: " Vauquelin fused it in very small quantity only, 
on charcoal ignited in a stream of oxygen, and obtained a somewhat 
ductile globule." This could not have been pure iridium if the globule 
was ductile, as he states. '' Children fused it .by his galvanic battery 
· into a white, strongly lustrous, brittle, and still somewhat porous globule 
of specific gravity 18.68. This globule probably contained platinum 
(Berzelius). One gram of iridium, heated upon charcoal beforeDobler's 
oxyhydrogen blowpipe, fuses into a bright globule, which, however, 
appears to absorb gas, since, on solidifying, it throws out excrescences, 
and cavities are formed in its interior." Platinum, which melts at a 
much lower temperature than iridium, was first fuseq. by Dr. Hare, of 
Philadelphia,, the inventor of the oxyhydrogen blowpipe. He SUC· 
ceeded in melting about 2 pounds (971 grams) at one time. He was also 
the first to melt iridium by this means. 
As was b~fore state~, the iridium which these old chemists claimed 
to have melted, must have been impure, containing metals of lower 
melting points; since one says he "obtained a somewhat ductile glo-
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bule," and another found the specific gravity to be 18.68; when it is_ 
well known that pure iridium, ia the cold, is not in the least ductile or . 
malleable, and its specific gravity is 22.38. .Alloys of platinum, with a 
small percentage of iridium, can be comparatively easily melted by the 
oxyhydrogen blowpipe. In a late determination. Violle estimates the 
melting point of pure iridium at 1,950° 0., and platinum at 1, 750° C. 
By the use of an, electric furnace a small quantity of iridium can be 
fused at a time, a,nd the result is a porous globule. 
In 1881 John Holland, of Cincinnati, Ohio, patented a process for fus-
ing iridium with phosphorus. He found that by heating iridium or 
any of its ores in a Hessian crucible to a white heat, and then adding 
phosphorus, the phosphorus rapidly combined with the iridium, and in 
a few seconds the contents of the crucible were in a perfect state of 
· fusion, capable of being poured and cast into an ingot. This material 
was found on physical examination to be as hard as pure iridium, and, 
in fact, seemed to have all the properties of the metal itself. .A chem-
ical analysis of two specimens, by Prof. F. ,v. Clarke, showed the fol-
lowing percentages of phosphorus : 
Phosphorus. 
Percent. 
Sample No. 1. ..... •••••• •••..•. .. . . . . 7. 52 
Sample No. 2............ ......... .... -7. 74 
This product can be remelted indefinitely without any apparent loss 
of phosphorus. · 
.As the presence of the phosphorus renders the metal quite readily 
fusible at a white heat, it is found necessary in some cases to remove it, 
especially where the metal is to be subject to great heat. This may be 
accomplished by heating the metal in a bed of lime at a moderate tem-
perature, which is gradually increased, the final heating being made in 
an electric furnace with a lime crucible. By this means the phosphorus 
can be completely removed, leaving the iridium in ~ pure state. 
If iridosmine is treated with phosphorus as described above, the prod-
uct will contain no osmium, that metal having been eliminated by the 
addition of the phosphorus during the heating-. 
Methods for working and uses of iridiitm.-The natural grains of iridos-
mine are used exclusively for the points of gold pens. The iridium 
point is commonly called "diamond point" upon a gold pen, and it con-
sists simply of a small grain of iridosmine which has been selected for 
the purpo e, and soldered to the tip of the pen. These points are 
selected by fir t removing from the ore, by means of a magnet, the 
magnetic oxide of iron which always accompanies it, and then dissolv-
ing ont, by mean of acid,', the other impurities which may be present; 
th ore i th u wa h d witb. water, dried and sifted in order to remove 
the fl e d t, and the ' ifted m;e is then ready for the selection of point . 
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This is done by an operator, who rolls the grains of iridium around with 
a needle point, examining them under a magnifying glass, and selecting 
those which are solid, compact, and of the proper size and shape. These 
points are usually selected in the three grades, small, medium, and large, 
depending upon the size of the pen for which they are intended. The 
grain. of iridium having 'been soldered to the end of the pen, it is sawed 
in two (making the two nibs of the pen), and ground into the proper 
shape. 
Iridium is now being extensively used in alloying platinum, in the 
proportions of from 1 to 10 per cent., the object of the alloy being to 
raise the fusing point and increase the elasticity of the platinum. This 
alloy is made by fusing platinum with a Deville and Debray oxyhydro-
gen furnace, in a lime crucible, and adding the requisite amount of irid-
ium. The mass is then removed from the furnace and forged, the fus~ 
ing and forging being continued alternately until the alloy is homoge-
neous. 
Holland's discovery has rendered the metal available in the arts, and 
many useful applications_have already been made. In cases where hard-
ness and non-corrosibility are the properties desired, the presence of the 
phosphorus in the metal is not objectionable, but where the metal is to 
be subjected to great beat the.phosphorus must be removed. 
The methods for work~ng· the metal are in some respects novel and 
they will be briefly described. Iridium fused by Holland's process was 
first used for .Mackinnon pen points, which are made as follows: The 
metal, after being fused, is removed from the furnace and poured be-
tween two plates of iron, which are brought suddenly together, on 
t,be plan of a closed mold with a binge, so that as the metal cools it 
is subjected to pressure which closes the pores and makes a very com-
pact casting. The slabs for the Mackinnon-pen points are about one- · 
thirty-second of an inch in thickness, and are broken up into small 
irregular pieces which are soldered on a strip of brass and ground down 
to a flat surface by means of a copper lap. ·The · copper lap consists of 
a plate of copper about one-~alf inch in thickness and 8 inches in 
11iameter, fixed on a spindle which is made to revolve from 800 to 
J ,000 revolutions per minute; the copper of which the lap is composed 
is wrought copper, well annealed, and consequently very soft. In order 
to grind with it, corundum or diamond dust is mixed with oil and ap-
plied to the fl.at surface of the lap by means of a flat steel instrument, 
called a "spud," upon which pressure is applied in order to force the 
· corundum or diamond dust into the copper, thereby making a cutting 
surface. The iridium to be ground is held .against tbis sharp surface 
of the lap, and the corundum or diamond dust gradually cuts the metal 
away. .As the cutting material wears from the copper Jap, another ap-
plication of the corundum or diamond dust is made by means of the 
"spud" as described. This operation is contin.ued until the grindJng 
is complete. After the slabs are ground to a surface they are- then 
I 
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drilled. In the drilling operation, the iridium is first countersunk by 
means of a diamond drill, consisting of an upright spindle suitably fixed 
in a frame so as to revolve freely; the bottom of the spindle holds a 
small rod of brass, to the lower end of whrnh is set~ white diamond 
splint. This drill is made to revolve about 900 revolutions per minute. 
The iridium is held up against the diamond with a light pressure, and 
the diamond gradually makes a conical hole or '' countersink." After 
countersinking the iridium, it is finally pierced by means of a copper 
drill, which consists of a piece of soft copper wire, which is fl.Jed down 
to a point and set in a drill similar to that in which the diamond is 
placed, but this drill makes about 3,500 revolutions per minute. Cor-
undum or diamond dust and oil are put into the countersink opening in 
the iridium, and then it is held up against the piece of revolving copper. 
The diamond dust or corundum, en:ibedding itself in the copper, acts as 
a ·cutting surface, and finally accomplishes the drilling of the hole. The 
holes having been drilled in the pieces of iridium which were soldered 
to the brass, the brass is finally dissolved from the iridium by means of 
nitric acid; and then we have irregular-shaped pieces of iridium, pierced 
with holes. These pieces of iridium are then soldered fo proper position 
to the end of the Mackinnon pen, fitting into the opening of which there 
is a valve consisting of an iridium-pointed wire. The iridium is tp.en 
ground to the proper shape on the outside by means of a copper lap, 
consisting of three or more copper cylinders on a common spindle, making 
about 3,000 revolutions per minute. 
The operation of sawing iridium is carried on by means of a copper 
disk, from 4 to 8 inches in diameter, made of soft thin sheet copper, 
held between two clamps, placed on a spindle revolving at the rate of 
about 2,500 revolutions per minute. This sheet of copper revolves in a 
box which contains corundum or diamond dust and cottonseed oil. The 
·cottonseed oil with the cutting material adheres to the periphery of 
the saw, and as the saw comes in contact with a piece of iridium it 
gradually does the work. Cottonseed oil is preferred for this purpose 
to any other oil, on account of its viscosity. 
The application of iridium for drawplates promises to be of great 
importance. There are at present, besides the iridium drawplate, the 
ordinary steel plate, which is used for drawing heavy wire, and the 
ruby plate, which is used in drawing gold and silver wires, where it is 
desirable to have them of uniform thickness. The iridium plate is 
made somewhat similar to the ruby plate, consisting of a piece of 
iridium which has been countersunk and drilled in the usual way to 
the size of the hole required, and set in a brass plate, where it is 
firmly held by a" bushing." This plate is now coming into use, and is 
rapidly taking the place of the ruby plate~ being equal to the ruby in 
hardnes' and much more durable, since it is less liable to break or chip 
by rough handling or heating. 
Iridium knives are made for fine scales and balances, the bearing 
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edge of which consists of iridium, soldered firmly to a brass body. 
These are raP.idly taking the place of the agate for fine chemical bal-
ances, and there seems to be no reason why they should not have even 
a more extended use, since they are superior to the agate in that they 
take a finer edge and thefeby make a more delicate balance, and are 
not so liable to crack or break. They are now being used altogether 
by Mr. Henry Troemner, of Philadelphia, the scale manufacture.r, for 
the purpose of adjusting his weights for all of his scales. 
Hypodermic needles for physicians' and surgeons' use are now made 
of gold and tipped with iri.dium, in place of the old steel pointed ones, 
which are liable to rust or corrode if not properly taken care of. The 
iriqium being hard will take a good edge, and is not subject to corro-
sion, as is steel. 
Styluses for manifold writing are also being made with iridium points, 
having decided advantages over either steel or agate. Iria.ium points 
ate a~so being applied to surveyors'-and engineers' instruments, and in 
all places, in fact, where hardness, durability, and non-corrosibility are 
required. For all the above uses the iridi~m, alloyed by fusion with 
phosphorus, is employed. 
Some years ag·o experiments were made in order to apply this metal 
to the electric light. We found that an iridium electrode used upon the 
negative of an arc light would keep its shape and resist the heat, pro-
vided the positive carbon which was used with it was not allowed to 
strike or fall too heavily upon the iridium negative. Since the metal at a 
white heat becomes malleable, a continual pounding or striking would 
gradually beat the negative out of shape. The iridium negatives are made 
by setting a piece of dephosphorized i.ridium in the end of a brass or 
wrought-iron rod about 6 inches long and nine-sixteenths of an inch in 
diameter. The length of the iridium is about half an inch, ground coni-
cal in shape. It was found that the brass, being only half an inch from 
the arc, would resist the action of the heat; brit, in some cases, where 
the lamp flamed, the brass was liable to undergo partial fusion ; and in 
such cases it was found desirable to put a thimble or cap of platinum 
over the end of the brass and just below the iridium, the platinum thim-
ble being about half an inch long. 
One of the most important applications of iridium which has yet been 
made is to the electrical contact points of telegraphic apparatus. These 
co_ntact points consist of pieces of copper wire tipped with dephosphor-
ized iridium, which are set in the instrument just as platinum points are 
set. These contacts will outlive many platinum contacts, are not sub-
ject to oxidation or sticking as are the platinum ones, and all that is 
necessary in order to clean them when they become dirty is to pass 
over their surface an emery file or a piece of fine emery paper. These 
contacts have been thoroughly tested by various eminent electricians, 
and also by long-continued use, and the advantages herein stated have 
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been in every case fully demonstrated. The sesquioxide-0f iridium is 
used in porcelain painting to produce fine blacks and grays. 
During the past three years we have been experimenting on methods 
for plating with iridium, and we have succee~ed in obtaining a brig·ht 
regulirn~ deposit of iridium on base metals. There were many difficulties 
encountered in accomplishing this result, on account of the power of the 
metal to resist the action of th~ solutions. For this purpose the iridos-
mine is best decomposed by mixing· it with common salt, and subjecting 
it to the action of dry chlorine gas at a low red beat. The mixture of 
iridosmine and salt is spread out in a thin layer in a shallow clay dish 
or pan and placed in a closed muffle, which is heated to a cherry red. 
Tbe muffle is then sealed with clay or asbestus cement, so as to leave a 
~mall opening for a tube, through which the chlorine is passed into the 
muffle, and a similar openfog at the opposite end for the exit of the gas. 
A steady flow of chlorine is mafnta,ined for ·about two hours, when the 
cllarge' is removed and treated with water, which dissolves the iridium 
as a double chloride of iridium and sodium. From this solution the 
variom~ well-known salts of iridium may be obtained with little difficulty. 
Several solutions have been employed with success in the electro-depo-
sition of the metal, one frequently used being . an aqueous solution of 
the double chloride of iridium and sodium, containing about 1 ounce of 
metal to the gallon of solution, to which a small quantity of sulphuric 
acid has been added. This solution slowly dissolves an anode composed 
of iriuiurn which has been fused with phosphorus. An electro-deposit 
of iridium is extremely bardJ resembling tbe massive metal in every 
respect. It is susceptible of a high polish, which is produced by '' buff-
ing." This new art promises to be of considerable commercial value. 
Price of iridium.-Iridosmine as it comes from the mines, having been 
thoroughly washed and freed from "black sand," is worth from '$2 to 
$B an ounce, pure iridium being worth about $20 an ounce. Selected 
grains of iridosmine suitable for pen points have a market value of from 
$50 to $75 per ounce, according to size and quality. 
I am indebted to Nelson W. Perry, E. M., for the following bibli-
ography, which is quite complete to date: 
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TIN. 
BY W. P. BLAKE. 
ORBS OF TIN. 
The chief ore of tin, and the only ore which has yet been found in 
any notable quantity in the United States, is the stannic oxide (Sn02), 
known to mineralogists as cassiterite 'and among miners as "tinstone." 
It is a hard, heavy, crystalline, or massive substance without metallic 
appearance, usuallY. of a brown to black color, and an adamantine or 
vitreou~ luster. The streak or powder is usually a light reddish brown. 
It is brittle and easily crushed, and when washed in a gold pan- ~r iri a 
sluice box with ordinary earth and· minerals it settles to the bottom, and 
may be .separated from them in the same way that gold is separated by 
washing. It is about as hard as quartz, and the specific gravity r~nges 
from 6 to 7. It is commonly found in the older and crystalline rocks, 
especially in the coarsely crystalline granite rocks anq. dikes. 
The ore known as "wood tin" differs from the crystalline cassiterite 
in its structure, being found in concentric layers or coats as if it had 
been deposited from solutions. When the spheroidal masses are broken 
they display a radiated, fibrous structure. It is found in the' beds of 
streams, or in nodular masses in trachytic rocks, having apparently 
been formed in cavities throughout the mass. Cassiterite wheq pure 
contains from 90 to 95 per cent. of the oxide of tin, there usually being 
some iron, silica, and tantalic acid. · 
Cassiterite, as a metallurgical product, has been observed by Prof. R. 
H. Thurston, and is described by Prof. A. R. Leeds (a), of the Stevens 
Institute of Technology, as in needle-like crystals, not exceeding one-
fourth of an inch in length and one two-hundred-and-fiftieth of an inch 
iu thickness; luster adamantine, and of great brilliancy; color white, 
and transparent; hardness over 6, scratching glass; specific gravity, 
at 62° Fahr., by the bottle, 6.019, or less than the gravity of the nat-
ural ca siterite; infusible; insoluble in acids; chemically a stannic 
oxide containing a small amount of copper oxide. These crystals were 
formed upon the surface of a mass of bronze metal which had been 
poured out upon the brick floor of the foundry to cool. They appeared 
to grow out of the cooling mass. The alloy contained 42.05 per cent. 
of tin and 57 .87 of copper. 
a" Copper-tin alloys," 1879, page 344. 
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A variety of cassiterite containing 9 per cent. of tantalic acid has 
been found in Finland, and has beell' described by Professor N ordensk-
jold under the name of '' ainalite." , 
Stannite is a sulphide of tin and copper which occurs in Cornwall, 
and is known under the name of "bell metal ore" or stannine. It has 
not yet been observed in .the United States. 
The foregoing-named species are the chief ores of tin known. Tin 
oxide is, however, found in small quantities in many other minerals, 
especially in the tantalite group occurring in the granitic rocks and fre-
quently closely associated with tin ores. These minerals are tantalite, 
colnmbite, tapiolite, hielmite, yttrotantalite, samarskite, reschynite, fer-
gusonite, ferberite, and wolfram. In most of them the a,mount of tin is 
less than 1 per cent. In tantalite the amount has been found to vary 
from 1 to 9 per cent. .A variety from Finland analyzed by Berzelius 
yielded 16.75 per cent.~of tin oxide. Tantalite and columbite occur 
abundantly in the newly discovered tin region of Dakota, and occasion-
ally in close association with the cassiterite. Large and well-formed 
crystals have been taken from the Etta tin vein. These crystals were 
imbedded .in feldspar, and were not directly in contact with the tin-
bearing albitic greisen, but near its margin between it and considerable 
masses of feldspar and quartz without tin. (Jolumbite or tantalite, or 
both, are occasionally seen in smaller tabular crystals on the borders 
of the masses of greisen ore. _ The largest mass of this mineral yet 
known to mineralogical science was found at the Bob Ingersoll claim, 
in Dakota, and weighed over 1 ton. (a) It is stanniferous, and some 
small masses of cassiterite were found associated with it. A sample 
specimen -of tantalite from the Etta mine analyzed by Professor Schaef-
fer, of Cornell University, contained 0.39 per cent. of stannic oxide. (b) 
Metallic tin.-The occurrence of native metallic tin has been reported 
from Siberia by Hermann (c), and from Bolivia, but it is probably an 
artificial product. So also it is believed that the lumps of metallic 
tin in Cornwall found in the earth near the site of ancient tin-smelt-
works are artificial in origin. Such masses in Cornwall are commonly 
known as " Jew's tin." 
Stream tin.-The larger part of the tin of commerce is obtained from 
stream tin. In Cornwall, at first, the tin ore was obtain.ed solely from 
the alluvions of the tin region; and even as late as 1876 it is reported 
that eight hundred persons were engaged in mining for stream tin on 
Red river. A considerable amount of ore is yet obtained from stream 
dep~sits rather than from veins ; and at the present time the great pro-
duction of New South Wales is_ from alluvial tin ores, such as were 
shown in profusion at the Centennial Exhibition, and again at Paris in 
1878. 
a See "Columbite in the Black Hills of Dakota," by W. P. Blake, American Journal 
of Science, Vol. XXVIII., November, 1884. 
b Transactions American Institute of Mining Engineers, February, 1884. 
c Jonr. f. Prakt. Chem., Vol. XX~III., page 300. · 
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The Banca and Billiton tin is chiefly from alluvial ore, which is mined 
by Chinese labor. 
According to Davies (cited from Van Diest), at the alluvial tin min~s 
of Banca, a miner, with the aid of water, removes from 350 to 530 cubw 
feet of earth in nine hours, or by estimate J 20,000 cubic feet yearly, 
with an average product, after smelting the black tin, of 1,200 pounds 
of metallic tin. In Australia, ~tream-tin miners are reported to handle 
10 tons of earth daily . 
.Associa.tes of tinstone in New South Wales.-In New South Wales, ac-
cording to Liversidge (a), tinstone occurs in association with quartz, 
mica, orthoclase feldspar, molybdenite, fluorspar usually of pale shades 
of purple and green, a yellow steatitic mineral~ garnet, beryl, and topaz. 
The matrix of the tinstone is in places composed solely of topaz ; else-
where it is malachite, copper and iron pyrites, mispickel. tourmaline, 
or schorl. Wolfram bas not been seen in the same veins with the tin 
stone, but occurs in other veins almost in juxta:posit.ion. Professor Liv-
ersidge also notes that nearly all the minerals found associated with tin-. 
stone in Cornwall, Germany, France, America, and elsewhere have been 
met with the mineral in New South Wales. 
Percentage of tinstone or black tin in the ores of t-in.-The amount of 
black tin or clean tin ore in the bulk of tin stuff raised from the mines 
varies greatly in different tin regions and at different lodes or mines in 
~he same region, but it rarely exceeds 3 per cent. of the mass, and is 
generally less than 2 per cent., or 40 pounds in a ton of 2,000 pounds. 
In Cornwall, for example, where the statistics of mining are carefully 
kept by the Government, it is found that the average yield of black tin 
in the whole mass of tin ore as mined and stamped, or prepared for 
dressing, is not over 45 pounds to the long ton, or 1.95 per cent. At 
Altenberg, in Saxony, the smelting ore, or black tin, is not more than 
0.5 to 0.3 per cent. of the whole mass. In the Schlackenwald tin-mining 
district near Carlsbad, in Northwestern Bohemia, tin occurs in greisen 
rock exactly resembling the rocks at Zinnwald, and occurring in two 
small conical masses of granite. One of them was worked in ancient 
times. The other has been continuously mined for several centuries. 
In the year 1355 there was a considerable production of tin from this 
locality, and for a long time Schonfeld and Graupen were the only pro-
ductive tin mines of central Europe. (b) In 1550 the production was 
800 tons from Schonfeld and Schlackenwald, and in 1580 Schlacken-
wald alone yielded from 300 to 400 tons. The rock at that time yielded 
0.5 per cent. of tin. According to Reyer (c) the percentage gradually de-
creased from 0.5 in 1570 to 0.2 to 0.4 in 1850. It is stated that about 
50,000 tons of tin were produced in this district during the sixteenth 
a'' The Minerals of New South Wales," by Archibald Liversidge, F. R. S., pa.ge 48 
(102]. Sydney, 1883. 
b Phillips, "Ore Deposits," pn.ge 321. 
,. E. Reyer, '' Zinn,'' 1 l, page 74. 
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eentury; and as 300 tons of rock yielded only 1 ton of tin, 15,000,000 
tons, or about 7.000,000 cubic yards, must have been worked. In 1881 
the production of tin in Bohemia and in the whole of Austria was from 
two mines and amounted to 1,051 toni;; of tin ore. 
According to Phillips and Darlingtou(a) the quantity of black tin did 
not exceed 17¼ pounds per ton of ore at one of the largest mines in West 
Cornwall in the year 1855. This upon t1e long ton of 2,240 pounds is 
equivalent to 0. 77 per cent. The same authorities, describing the effect-
iveness of the ordinary stamp mill in crushing tin ores, give the follow-
ing figures: 
The average .number of stamps in use at the Polberro mines was 70, 
and the quantity crushed in the course of five years was 106,249 tons. 
This quantity averaged 20.1 pounds of merchantable black tin (per ton 
of 2,240 pounds), equivalent to 0.89 per cent. The profit per stamp 
amounted to £210 for the whole period or £42 per stamp per annum. 
The average price of black tin was £63 2s. 4d. per ton. 
The general average yield of black tin of six large mines upon the 
great flat lode of Redruth, CornwaU, in 1876 was 2.21 per cent., ranging 
from 1.47 to 3.02, as shown by the following table, which gives also the 
output of the mines for that year and the number of pounds of clean 
tinstone obtained : · 
Quantity of clean tin ore or black tin in the tin stuff raised from six 'mines in Cornwall in 
the year 1876. 
' 
Mines. Tin stuff. I Clean tin Per I ore. cent. 
ORIGIN OF TIN ORE. 
Daubree in 1841 regarded tin ore as formed by the sublimation of the 
fluoride of tin, which underwent decomposition by the agency of water 
and the adjacent rocks, causing the deposition of oxide of tin. (b) He 
cites the presence generally as associates of tinstone of minerals con-
taining :fluorine, such as :fluorspar, mica, tourmaline, and topaz, as 
favoring this view. Von Cotta says that it is the almost universal obser-
·rntion on the continent of Europe that the tin deposits occur mostly with 
granitic rocks. This is seen in the Erzgebirge; at Schlackenwald, in 
Bohemia; in Brittany, and elsewhere. Hence, and for other reasons. 
he concludes that generally tin ore originates in the ·older crystallin~ 
a "Records of Mining and Metallurgy," page 140. 
b Annales des Mines, Tome XX., 1841. 
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rocks rich in silica and deep-seated in origin, and in so far of plutonic 
origin; rocks which have solidified at great depths and consequently 
under great pressure. This conviction is repeatedly expressed in his 
treatise on ore deposits. ,a) He notes, however, the exception of the 
tin ores of the veins in Cornwall; which, according to the observations 
of De la Beebe, are more recent than the Devonian and Carboniferous 
formations. Von Cotta points out that tin ore is never found in lime-
stone or dolomite. 
Dr. Le Neve Foster, of the geological survey of Great Britain, from 
his extensive and careful studies of the Cornwall veins, regards the tin-
stone of Cornwall, at least, as the result of the infiltration of stannife-
rous solutions depositing the tinstone in granite adjacent to fissures, 
partly by replacement and alteration of the granite. 
In a 'series of articles upon the tin ores of Cornwall (b) Mr. J. H. 
Collins shows that the associated minerals a.re nearly the same as found 
with the ore in other tin regions. Tourmaline is a common associate 
and is regarded as contemporaneous in its origin, as well as quartz, 
mica, and feldspar. He concludes that the tin ores have been deposited 
in their present positions from stanniferous solutions of aqueous origin, 
and that the tin was originally derived from the surrounding rock and 
afterwards deposited by thermal waters in fissures. 
In the numerous tin veins and granitic dikes bearing tinstone in the 
Dakota tin region an the phenomena go to show that the minerals of 
the dikes, the quartz, feldspar, mica, spodumene, beryl, columbite, tan-
talite, and other associates of the cassiterite, were contemporaneous in 
origin. All these minerals appear to have crystallized out of a semi-
fluid or pasty magma in which the elements were free to arrange them-
selves from one side of the dike to the other, and to separate out by 
slow crystallization. There is a banded arrangement, sometimes very 
distinct, and again obscure; but different from the banded structure 
seen in fissure veins, where there appears to have been an open fissure 
ubsequently filled gradually by the flow of water depositing layer after 
layer up0n each side of the fissure until 1t became filled. In the dikes 
the rude structure seems rather to be due to the crystallization of the 
magma which filled the space between the walls, the difference of struct-
ure of the portion next to the walls being the result possibly of differ-
ence of pressure or temperature, or the different temperature or con-
ditions governing the formation of one compound after another. Thus, 
in the great dike or injected mass of the Etta mine, mica is generally 
found next to the walls, so also at the Ingersoll, while feldspar and 
quartz fill the center; but this central mass is penetrated in every di-
rection by the enormous crystals of spodumene, the cassiterite b~ing 
di eminated in bunches, but particularly in the included masse8 of 
albitic greisen which seem to have filled the paces left after the other 
a Prime's translation, pages 422,423,485, 507,522,535, and 541. 
b Minerawgical Magazine, Vol. V., page 121. 
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minerals had assumed their form. The evidence is conclusive that the 
cassiterite is not the result of later infiltration~ but that it was formed 
with the other constituent minerals of the mass. It exists in the un-
ch:mged ro~k as one of the constituent minerals of the rock. 
'J.1he Government geologist of Queensland states that there is an inti-
mate connection between the tin deposits of that rEgion and metaphor-
phosed igneous dikes. These dikes are said to consist mainly of quart-
zose chlorite, and occasionaly of quartzose serpentine. They appear to 
have-undergone a gradual process of metamorphism. The tin ore oc-
curs irregularly among the joint planes of the dikes. It is regarded as 
possible that the tin oxide was originally disseminated in the mass of 
the dike, and that it was afterwards dissolved out and r~deposited-
concentrated-in the open joint planes of the rock. The possible depo- . 
sition of tm ore in the fissure of the dike by ascending mineral solu-
tions is also considered. (a) 
The wood tin ore of Durango, Mexico, is said to occur in cavities in 
a mass of porphyry rock from which it is grad·ually liberated by dis-
integration. 
Tin oxide in fossil bones.-In some of the stream deposits of tin ore in 
Cornwall fragments of deers' antlers have been found containing con-
siderable tin oxide, which appears to have penetrated and replaced 
portions of the bone. Specimens are to be seen in the British museum 
and in the Penzance museum. An analysis of one of the specimens 
showed the presence of 2.6 per cent. of tin oxide, and under the micro-
scope the oxide of tin and oxide of iron could be seen in the interior of 
the mass. The question arises whether or not extremely small grains 
or fragments of stream tin, even as fine as dust or powder, may not 
have been mechanically carried into the pores of the bone. 
TIN ORE IN THE NEW ENGLAND STATES, 
New Hampshire and Massachusetts.-The discovery of a few crystals 
of tin ore at Goshen and at Beverly, Massachuset,ts, bas already been 
mentioned. The localities have no commercial importance and have not 
yielded any tin. The discovery of tin ore in place in veins at Jackson, 
New Hampshire, was made by Dr. Jackson in September, 1840. The 
veins he describes are small ; from half an inch wide to 8 inches in the 
widest part. The tin ore is in the form of crystallized cassiterite, and is 
assoeiated with copper pyrites and arsenical pyrites, with some fluorspar 
and phosphate of iron. These veins trayerse mica-slate and granite in 
the vicinity of a trap dike. Dr. Jackson regarded them as having been 
formed by the sublimation of the tin ore, and its deposition with the 
other minerals on the sides of cr.evices in the granite and mica-slate, the 
minerals filling the space from the sides to the center, where there is a 
thin layer of quartz separating the vein jnto two equal parts. He cites 
the views of Daubree respecting the origin of tin ore. 
a Abstract in Engineering and Mining Journal, May 10, 1884. 
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Maine.-Tin ore has also been observed at several localities in the 
granitic rocks of Maine. Dr. Jackson in 1869 read a notice of it~ oc-
currence in the town of Winslow. (a) It occurs more sparingly in the 
same State at Paris and Hebron, and at Goshen in Massach-usetts, also 
at Haddam in Connecticut; and at all of these localitief-l, except per-
haps at Winslow, Maine, it is regarded as a mineralogical curiosity. 
According to Dr. Hunt(b) the tin ore at Paris and Hebron occurs 
with orthoclase, quartz, tourmaline, and beryl in concretionary granite 
veins, which cut through the micaceous gneisses of the White Mount-
ain series of rocks. At Winslow the veins traverse an impure gray 
micaceous limestone subordinate to the same gneissic series. The veins 
are small but numerous, and are generally interlaminated with the rock, 
though occasionally cutting across it for a short distance. The cassi-
terite is accompanied by fluorspar, a silvery white mica, and a little · 
mispickel. 
The discovery of tin ore at Winslow, Maine, did not appear to be of 
sufficient importance to justify the expectation of profitable mining, but 
some ten years later, or about the year 1880, other veins were found and 




Fluorspar and tin ore. 
Lepidolite. 
a company was organized to work them under the title of the Maine 
Tin Mining Company, with its office at Bangor. The property was ex-
amined and described by Prof. 0. H. Hitchcock, of Hanover, and by 
Prof. Forest Shepherd, of Norwich. The ore occurs in small but regu-
lar veins, beautifully formed, and traversing a very hard and compact 
iliceous and micaceous schist, and near a layer of quartzite. Tbe mica-
schist is pyritiferous and there is no separation or clay between t-he 
sides of the veins and the country rock. The structure is shown by the 
drawing, made of full size from a hand specimen, showing the breadth 
of the vein with a portion of the adjoin1ng mica-schist on each ide. 
The vein filling consists of white mica or lepidolite on each wall; then 
a medial line, or ma s, of fluorspar, in whicll the crystals of cassiterite 
ar irregularly dispersed. In some parts of the vein there are indica-
tion of a econd or parallel l:tyer of tinstone and fluorspar in a siliceous 
band apparently a econ<.1 filling of tbe fissure. Other minerals, such 
a Proc db~s f the Bo ton t,ociety of Natural History, Vol. XII., page 267, 11:369. 
b Transactions Aruerican Instjtute of Mining Engineers, Vol. I., page 373. 
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as mispickel and beryl, are named as associated, and it is said that 
there are at least twelve of the small veins, froni one-half of an inch to 
3 inches in width, traversing the mica-schist withiu a breadth of 30 
feet. Geologically, Professor Hitchcock regards the rock formations 
as the equivalents of that which carries those interesting fossils Nere-
ites, Myriarites, etc., which are really trails of creatures like annelids. 
Lithologically, the rocks are slates with a few limestones and many 
quartzite seams. The formation compares best with th~ Coos group cf 
~ew Hampshire and the calciferous mica-schist of eastern Vermont, 
which carries the copper veins or masses of East Strafford and Corinth. 
A shaft has been sunk on this property to a depth of 100 feet. and a 
cross-cut has been made for 20· feet at the bottom and one also at 70 
feet from the surface. The veim; wh_ich are cut by these openings 
appear to be dipping toward each other at the rate of 1 foot in every 
20 feet of depth, or 5 feet in the 100 feet. Four of the veins have already 
become merged in two. The tin oxi<le crystals are found here and there 
in the vein, being sometimes absent and again appearing in numbers. 
Some samples of metallic tin have been reduced from the ore and some 
foil has been rolled out from it. The quality appears to be satisfactory. 
·The compa,ny proposes to sink the shaft to a depth of 200 to 250 feet 
before commencing to drive upon the veins. 
TIN ORE LOCALITIES IN THE llIDDLE AND SOUTHERN STATES. 
New York and New Jersey.-Small quantities of tin are said to have 
been detected by chemists in the ma,gnet,ic iron ores of the highlands of , 
New York and New Jersey. 
Virginia.-Tin ore has for a long time been known to occur sparingly 
ill some of the auriferous gravel drifts of the gold-bearing belt of rocks, . 
but it has not .been found in quantity sufficient to justify the hope of 
mining it profitably until the past year. It is now reported from Rock-
bridge and Nelson counties, and in West Virginia from Mason and 
Cabell counties. 
In Rockbridge county the ore is found in the crystalline rocks of the 
Blue Ridge on a branch of Irish creek, 7 or 8 miles from Vesuvius sta-
tion on the Shenandoah V111ley railroad. Two openings had been made 
before October, 1883. The locality is described by Messrs. McCreath 
and Platt. (a) Opening No. 1 shows the crystalline rocks standing 
nearly vertical and consisting for the most part of quartz, feldspar (or-
thoclase and albite), hornblende, and at a few points mica-schist. The 
tin-bearing vein apparently cuts across the rock . for 36 feet and then 
follows the bedding. This vein is made up of white quartz with tin ore, 
but the thickness is not stated. The largest piece of rich ore was not 
over 2 inches in thickness, and much was not over 1 inch. A 7-inch 
vein had been reported in the viciDity. The samples assayed showed 
a Communieatfon to the president of the Sben::.tndoab Valley railroad; Bulletin Iron 
a11d Steel Association, November 7, 1883, page 207. 
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an average of 31.60 per cent. Opening No. 2 shows only some,loose 
float specimens of ore. , 
The Nelson county tin district adjoins that ·of Rockbridge. Veins of 
good size are reported, and they are said to have been traced for a great 
distance on the surface. According to Professor Campbell, of the 
Washington and Lee University, Lexington, Virginia., the ore is found 
on Painter Mountain branch of Irish creek, about 1¼ miles from the 
Nelson county line. It is in a vein running east and west, several 
inches thick, and traverses a rock consisting principally of large crystals 
of quartz and feldspar with some mica. 
Another writer(a) gives an extended description of the tin district 
and mentions particularly several tracts of land upon which tin-bear-
ing veins have been found. Amongst these are the Cash tract, the 
Grant tract at Mount Maria, the Big Hill, the Clarke tract, and the 
Robertson tract. More or less prospecting has been done ornr a, dis-
tance of 5 or 6 miles southwesterly from these localities, but little 
work appears to have been done. A company has been organized to 
work some of these veins under the incorporate title of the Virginia 
Tiu Mining and Manufacturing Company, with Edgar Whitehead of 
"Amherst Court House, Virginia, president, and R. M. Cox; secre~ary. 
The work of sinking a shaft commenced November 17, 1884. Accord-
ing to Prof. F. A. Massie(b), of the University of Virginia, the Martha 
Oai;;h tin mines are situated at an elevation of about 2,700 feet on the 
northwestern slope of the Blue Ridge, 22 miles east of Lexington, the 
~ounty seat of Rockbridge county. The veins are in a granitic rocJr_, 
concisting chiefly of coarse-grained aggregates of feldspar, hornblende, 
and quartz. This prevailing granitic rock is varied by frequent occur-
rences of lenticular bedded masses of the rock known as unakyte-a 
highly crystalline coarse-grained com.pound of microcline, quartz, and 
epidote; and again by dikes of trap. Tin ore of varying quality has 
beeu found over an area of between, 2 and 3 miles. The main lode 
extends in the general direction of the mountains and rock formations 
an<l dips to the southeast. It has " feeders" or "offshoots" accompa-
nied by trap dikes. It is apparently made up of several parallel veins 
with an average width together of perhaps 100 feet and traceable on 
the surface. The tin ore is in the form of cassiterite or black tin in 
sheets, strings, and nodular masses in the gangue of veins. The color 
i from light yellowish brown to dark brown, and the ore is free from 
injurious minerals. 'The workable ore so far as shown exists practi-
cally altogether in lumps and veins clearl~· definable, the inclosing 
wall being impregnated to but a slight extent and in itself, alone, is 
too low in percentage to justify working." The gangue is permeated 
with mu covjte mica. The as ociate minerals, o far discovered, are 
a Dr. William Robert on, in the London Mining Journal, October 18, 1 4. 
b '' Report on the Martha. Cash Tin Mines" in the prospectus of the Virginia Tin 
1ining aud Manufactmi:ng Company, l i,. 
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wolfram, mispickel, and beryl. Wolframite -occurs in some of the veins 
with the tin ore. The mispickel contains more or less gold. The fol-
lowing descriptions of the two principal openings showing tin ore are 
condensed from the report cited. Beginning on the hill above the creek 
''No. 2" is an open cut 100 feet long, north and south, 4 feet wide, and 
10 feet at its deepest. In the middle there is an expm~ed ledge of ore 
and veinstone 4 feet thick, consisting of ferruginou.s and micaceous 
quartz seamed with strings, lumps, and masses of cassiterite through-
out the mass. Selected pieces of the tinstone yielded more than 70 
per cent. metallic tin. "The entire veinstone shows a slight impregna-
tion of ore, but as above remarked · as true of all the veins at their 
present development, of too low a percentage to alone pay for work-
ing." Opening" No. l" is a quarry·6o feet long, 8 feet to 10 feet wide, 
in an east and west direction, with two trenches. In one of these there 
is a continuous and well-defined vertical vein of crystalline cassiterite 
· averaging 1 inch in thickness. About a ton of this ore bas been re-
moved and is of the highest grade, yielding on assay 75 per cent. of 
metallic tin. " The cq.ts on the southern flank are impregnated to a 
slight but not workable extent." Specimens from these localities were 
exhibited in the Virginia mineral collection at New Orleans. 
North Oarolina.-Tin ore was discovered in 1883 in Cleveland county 
near King's Mountain by a young man named Claywell, attending 
school, whose interest in minerals had been aroused by exploring in 
company with Professor Humphrey. Specimens were exhibited at the 
Mechanics' fair in Boston in 1883, in the North Carolina State ex-
hibit, under the charge of Dr. Dabney. The outcrop is said to be trace-
able abqut 1½ miles. It consists of a more or less irregular and broken 
vein, or a series of small veins, traversing a decomposed mimt-slate. 
One vein was found nearly 3 feet wide. The. ridge penetrated by these 
veins is about 50 yards wide. The assays of samples show a high per-
centage of tin. 
Georgia.-Minute quantities of tin ore were found by W. P. Blake in 
some of the residues of gold washing operations in Lumpkin county, 
Georgia. 
Alabama.-Prof. C. U. Shepard(a) has noted the occurrence of cassi-
terite in Coosa county and its occurrence in Clay county, near Ashland, 
has been described by Mr. G. W. Gesner, of New York City, and also 
in the preceding volume of this series.(b) ThiR locality bas been worked 
by a company organized and managed by Mr, Gesner. He describes 
the formation as a tin-bearing gneiss, in which the ore is disseminated 
both in grains and in pebble-like masses over a breadth of from 10 to 
20 feet, associated with massive white quartz an<l limonite. Th~re are _ 
six nearly vertical belts of stanniferous gneiss in a breadth of 800 feet. 
The amount of tin stuff in the rock is considered to range from a trace 
f 
a Arnerfoan Joiwnal of Science, third series, Vol. XX., page 56, 1880. 
b "Mineral Resources of the United States, 1882," page 434. 
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up to 1 or 2 per cent. These deposits are known as the Broad Arrow 
mines, and considerable development work has been done in the form 
of quarries and cuts in the hillside. Regular work commenced March 
1, 1883, and a stamp mill and concentrating works were started Ma~cb 
20. The tin ore was found to be so very fine that it could not be suc-
cessfully concentrated by the machines ordinarily in use for the pur-
pose. In December, 1884, aFrue vanner was set up and operated with 
gratifying results, a,nd it is now proposed with its aid to test the vari-
ous belts or layers of tin-bearing gneiss so as to ·determine what por-
tions can be worked with commercial results. Eleven men were em-
ployed on the mine and works in the year 1883 and ten men in the year 
1884. There llas not been up to this time any tin produced in a commer-
cial way, but a bar of tin from this locality was exhibited in New York in 
1883. Mr. Gesner, under whose direction the work has been prosecuted 
from the beginning~ states that these tin-bearing rocks of Alabama begin 
at the granite formation in Cleburne county, and extending in a south-
westerly direction pass through Randolph and Clay counties into Coosa 
county, where they disappear under more recen~ deposits. The belt is 
nearly 100 miles in length and is in the center of the gold-bearing dis-
trict. 
Reported occurrence in Texa.s.-The tin ore reported to have been found 
near Fort McKavett, in Texn,s, has been shown by Professor Schaeffer, 
of Cornell University, to be brown garnet only, a mineral frequently 
mistaken for tin ore by prospectors not familiar with tinstone. 
Missouri.-Tin has been frequently reported from Missouri, but it is 
doubtful whether it occurs there in any considerable quantity. Some 
specimens said to have been found there are regarded as from Corn-
wall, England. Dr. Hunt mentions a curious replacement of titanic 
acid by stannic acid in sphene or some similar mineral at a locality in 
Missouri. 
Reported at Lake Superior.-A few years ago tin was reported to have 
been found in large quantities at the head of Lake Superior, but exam-
ination by competent experts proved that the representations were false, 
and the swindle was exposed. A barren vein had been picked out and 
the space between the walls was refilled with artificial stone mixed 
with rich specimens and washed tin ore. The brook below was also 
charged with foreign ore. Samples were then taken, with apparent 
innocence, to assayers as iron ore. 
/ 
TIN ORE IN THE BLACK BILLS OF DAKOTA. 
The discovery of tin ore at the Etta mine.-In June, 1883, Maj. A. J. 
Simmon , of Rapid Uity, forwarded to Genera,l Gashwiler, of San Fran-
ci co, a box of specimens of a very heavy dark-colored ore, which on 
examination proved to be cassiterite in a massive form, assaying 40 per 
cent. in metallic tin. A hort prelimlna..ry notice of the discovery and 
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of the associated minerals and the geological formation was published 
in the .American Journal of Science for the month of September, 1883. (a) 
The discovery is in the central portion of the Black Hills, in Penning-
ton county, about 20 miles southwest of Rapid City, 2 miles from Har-
ney City, and a few miles east of Harney Peak, near th~ backbone or 
dividing range of the region. It is upon a claim known as the Etta, 
on an isolated conical granitic hill rising about 250 feet above the sur-
ropnding valley, and at an elevation of about 4,500 feet above the sea. 
This hill is in the midst of a very rugged country, which is drained by 
the tributaries of Battle creek, one of the largest streams of the , Hills. 
But although the peaks and ridges are rugged, the intervening spaces 
are comparatively smooth and open, and p~rmit the construction of 
roads at small expense. The wagon road from Harney extends up the 
creek to the cabins on the claim, at the foot of the peak of the mount-
ain. There is a thick growth of pine timber over the whole region, and 
there is an abundance of pure water in springs and in running brooks. 
The rocks, the vegetation of the valleys, and the climate all remind 
one of the mountainous parts of northern New England. 
Geological horizon.-The Black Hills, rising like an island in the broad 
expanse of the plains, are everywhere surrtmnded by the outcr9pping 
edges of the sedimentary formations, from the base of the Silurian up-
ward to the Tertiary, so far as they exist in the far West. These for-
mations dip gently away on all sides from the central nucleus of more 
ancient rocks, whfoh rise up in a multitude of irregular peaks and 
broken ridges with a general northerly and southerly trend. These 
rocks consist chiefly of :fine-grained mica-schist and micaceou·s sand-
stones, traversed by veins of quartz, which are often auriferous, although 
the quartz has that peculiar . glassy, barren look which is seen in the 
quartz veins of New England, and appears utterly unpromising for the 
precious metal. The slates in some portions are highly charged with 
small brown garnets, forming perhaps 20 per cent. of the mass, so that 
the rocks may be said to be garnet-slates rather than mica-slates. There 
is also an abundant development of staurolites and of staurolite slate. 
Lithologically considered, these rocks remind the geologist of portions 
of the White Mountain series of formations, and are probably the equiva-
lents of the Ooos group, as described by Prof. C. H. Hitchcock, of ~Tew 
Hampshire. By the geologists Newton and Jenney, in their report on 
the Black Hills, the mica-schists of the whole region are referred to the 
Huronian period; and in the preliminary notice of the discovery of tin 
. ore in Dakota this view was accepted. Further examination of the 
rocks and a consideration of the subject require a modification of this 
opinion, and a reference of the rocks-at least those which abound 
in garnets and staurolites-to a later period. There is a sufficient 
a, See. also the columns of the Engineering and Mining Journal, September 8, 1883; 
and a reprint entitlell "The Discovery of Tin Ore in the Black Hills of Dakota," etc., 
by W. P. Blake; pamphlet, 14 pp., 1883. 
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breadth of formation, however, to include all the formations-the Hu· 
ronian as well as formations referable to the Coos group and later 
rocks. In addition to the micaceous and garnetiferous slates, there, is 
a large development of ancient sandstones, with very regular and even 
stratification and in thick beds, attaining together a thickness in some 
places of 200 feet or more. No limestone beds have been observed in the 
tin region, and the magnesian rocks appear to be absent. Toward the 
central portion of this area of mica-schists granitic intrusions make 
their appearance and rise in rugged peaks or long dikes in the midst 
of the slates. Approaching the dominating ridges of Harney peak, the 
stratified slates and sandstones give place to an irregular network of 
gra.nitic dikes, and granite rock is the chief formation. Slate is found, 
however, at the very summit of Harney peak, capped by a rerunant of 
a dike or granitic bed, which there has a horizontal position. 
The granitic masses, especially those on the confines of the granitic 
area, are remarkable for the extreme coarseness of their crystallization, 
the constituent minerals heing unusually large and separat'.ely segre-
gated. Large masses of pure quartz are found in one place an~ m:;i,sses"' 
of feldspar in another; and the mica is often accumulated together, in-
stead of being regularly di~seminated through the mass. It also occurs 
in large masses or crystals, affording sheets broad enough for cutting 
into commercial sizes. This occurrence of mica has led to considerable 
prospecting of the region for mica, and numerous claims have been 
located and worked. The quarrying for mica on the Etta claim brought 
the heavy black tin ore to notice ; for Tin mountain, where it occurs, is 
one of these intruded masses of coarse granite. The surrounding schists 
are not greatly metamorphosed from their original condition, and the 
transition from schist to coarse granite is sudden. These micaceous 
and garnetiferous schists of the Black Hills in the region of Harney 
City and the Etta mine have been subjected to more folding, compres-
sion, and uplift than the same formations nearer the axis of the range. 
In the lower hills the troughs of the strata, or the longer axes of these 
folds and wrinkles, instead of being approximately horizontal, as is usual, 
are on the contrary nearly vertical, or are highly inclined. The troughs 
of the strata thus stand nearly on end. It results from this folding and 
~pheaval that the structure or grain of the rocks, so far as it is im-
parted by the folding, is nearly vertical. and at the same time iR con-
voluted; and in consequence the formati~ns, in wearing away by erosion 
and disintegration and decay, are left with a peculiarly uneven surface, 
pre enting a succession of pointed hills and peaks rather than a series 
of nearly parallel ridges. This fol<led structure is the basi of the pe-
culiar topography c,fthe country; it is the cause of it. Even the quartz 
vein partake of the folding, as may be seen by their serpent-like out-
crops, and become columnar masses extending to great depttl , while 
their surface exten ion appears to be comparatively limited. Thi is 
trne al o of the granitic intrusions. They appear at the Etta mine and 
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rn its vicinity as columnar bunches rather than sheet-like veins. The 
structure indicates a double folding and -uplift, first horizontally, then 
vertically. These phenomena, although apparently purely scientific in 
interest rather than of any ''practical" significance or importance, have 
nevertheless, in this case particularly, a direct economic and money 
value. They go to show that the veins which, with their schistose walls, 
are so crumpled up have a great downward extension. They probably 
extend much deeper than their lateral extension would indicate. In 
fact this is not merely a deduction from the structural form, but it is 
made evident to the eye by a close inspection of any of the outcrop~ of 
the schists in which quartz veins occur. If a fragment of quartz is 
broken out from such outcrops its form is found to be columnar and 
approximately cylindrical. So also the slates break out in columnar 
masses and not in flat sheets. 
The gold-bearing rocks of the Deadwood region have a similar struct-
ure, and the paying portions are controlled by or follow the pitch of the 
folds, which pitch or inclination is, however, not so steep as in the tin 
• region. The granite intrusions of other parts of the Harney Peak range 
are more regular and tabular, like regu]ar dikes ·or veins. 
Developmerl,t work at the Etta mine-In 1884 the Etta tin mine, to-
gether with the adjoining claim known as the Ferguson and several 
placer locations, water rights, etc., became the property of a company 
organized in New York called the Harney Peak Tin Mining, Milling 
and Manufacturing Company. This company has expended a large 
amount of money in opening and ·prospecting the Etta. Tunnels have 
been run and open cuts have been made at various places so as to show 
the form and extent of the ore-bearing ground. In these operations it 
is estimated that over 1,000 tons of ore have been thrown. out. There 
are seven or eight large square piles of tin-bearing greisen of good qual-
ity ready for milling, besides a comdderable amount of ore left mingled 
with the· waste in t,he dumps. 
Greisen rock carrying tin was cut, in the west tunnel about 50 feet 
below the top of the bill, and some tine specimens of massive tin ·ore 
were found in the north cut, some of which were sent to New York and 
also to the New Orleans Exhibition. 
A lower tunnel, projected to cut the vein at a depth of 175 feet below 
the top of the hill has recently penetrated it at a point about 200 feet 
from the entrance of the tunnel and directly under or a little west of the 
point at which the vein was cut by the upper tunnel. This sustains 
the opinion based on the surface indications that the vein would prove 
to be a columnar mass, and it strengthens the belief that the mass has 
a great downward extension. At the intersection of this lower tunnel 
with the vein a distinctly formed selvage of clay was found between 
the vein and the country rock. There was also a considerable flow. of 
_water from the vein after this selvage of clay was penetrated. 
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Ooncentr·ic structure of the Etta vein.-The Etta tin-bearing vein, meas-
uring over its outcrop about 150 by 200 feet, · has a rud-ely concentric 
structure or arrangement of the minerals which compose it. The outer 
portions next to the micaceous sandstone of the country rock consist of 
both dark-colored and light-colored inica, in large quantities. The 
dark-colored mica forms the outer envelope, and is apparently formed 
in the granular sandstone. The tunnels and cuts made into the vein 
from the side of the hill all show this mica before the ore is reached. It 
varies in thickness from a few feet to 2 or 3 yards. At so me points 
there is a development of light-colored mica, ordinary muscovite, in 
Fig. 8.-Horizontal section of the Etta lode. 
A. Band or zone of biotite and muscovite mica. 
B. Crystals of spoclumene, with greisen carrying tinstone. 
C. Greisen caITying tinstone. 
D. Central core of quart,z and feldspar. 
sheets several inches broad, large enough to be commercially valuable. 
Pa ing through thi8 zone or belt of mica, the tunnels usuaUy enter a 
mixture of quartz, poclumene crystals, and greisen rock, carrying the 
tin ore in black kernels and graini:;. The central portion consists largely 
of ma ive quartz and feldspar. The general form and arrangement 
are hown by the annexed illustration, reduced from the map ma<le for 
th Harn Peak Tin Mining Company by Prof. Gilbert E. Bailey, the 
up rint ndent. From the nature of the drawing it exhibit· a greater 
d gr e of r gularity and sharper definition than can be een upon tlle 
urfac f tb hill and the in<lication of tho belt of grei n rock is to be 
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regarded as showing the position of the irregular masses of greisen rather 
than their form. They are extremely irregular, and they fill the spaces 
between the immense interla_cing crystals of spodumene~ 
The places at which the various bands of minerals have been cut and 
exposed by openings are shown by the lines indicating open cuts and 
tunnels. The central portion is chiefly quartz and feldspar. There is 
also toward the outer portions of the mass a narrow belt, but irregular 
and intermittent, of phosphatic compounds forming a layer of phos-
pbatic minerals, allied to triphyllite and heterosite, on the borders of 
the ore. 
· Since the discovery of tin ore at the Etta it has been found in other 
similar granitic outcrops, especially at the Bob Ingersoll claim and in 
the Monarch Qlaim, each of which has been worked for mica, and also 
on the western side of the Harney range, and in Wyoming. 
The mineralogy of these granitic masses is extremely interesting. At 
the Etta claim the massive tin ore was found near the top of.the bill, in 
the excavation made for mica. It was in close association with quartz, 
feldspar (both orthoclase and albite), and a remarkably large variety 
of spodumene. There is, in addition, the granular form of the ore, in 
i;;mall crystalline grains, disseminated in the massive micaceous albite 
rock of greisen, which penetrates or is inclosed in the coarse granite 
irregularly. 
Varieties of ore at the Etta claim.-There are thus two distinct forms 
of occurrence of the tin ore at the Etta mine: (1) Massive, in bunches, 
with spodumene, feldspar, and quartz; (2) granular, disseminated in a 
micaceous aggregate or greisen. 
In the massive form the ore is associated chiefly with the spodumene. 
It is not only in direct contact with the spodumene, but in some places 
actually penetrates it, so that it appears to partly ,replace portions of 
the crystals. A specimen, weighing I½ · pounds, is two-thirds tinstone 
and the remainder spodumene. Another specimen exhibits the tin-
stone traversing the spodumene irregularly. Besides this penetration 
and replacement of spodumene by massive tin ore, it is not unusual, on 
cleaving a mass of spodumene, to find small :flattened grains of cassi-
terite in the body of the crystal, often mere stains or patches on the 
cleavage ·surfaces. In this form it has the appearance of being a sec-
ondary deposition. Later developments show that the impregnation of 
the spodumene is not general, but is confi.ned to the neighborhood of the 
bunches of massive cassiterite, which also penetrate the masses of 
quartz and of feldspar in such a manner aR to indicate their contempo-
raneous origin. 
Of the massive form of the ore about one ton of fragments was taken 
out in a short time. Some of the heavier masses weighed from 50 to 
60 pounds. Lumps weighing 3 and 4 pounds were common. Most of 
the larger masses were broken by the miners. They were in fact too 
heavy to handle with ease. The specific gravity of selected fragments 
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of this massive ore is 6.753. The streak is brownish gray. Some of 
the masses have green films or crusts on the surface, derived from the 
decomposition of some small grains of vitreous copper disseminated at 
one side of the-massive ore. Some grains of arsenical pyrites have also 
been observed, but the quantity is extremely small. A peculiar hydrous 
oxide of tin occurs also near to the surface. It is apparently derived 
from the alteration or decomposition of the cassiterite. Columbite oc-
curs also in masses and crystals of unusual size and beauty, and is 
found chiefly in the massive albite near its contact with spodumene. 
It is also found in broken fragments associated with the ore whieh 
bas disintegrated from the rock, and which can be gathered from the 
surface by sluicing. 
The spodumene occurs in huge crystals, far larger than any hereto· 
fore observed in any part of the world. T'hey are many feet in length, 
and range from a few inches to 2, 3, and 4 feet in diameter. They stand 
in the midst of the feldspar and quartz in all directions, and cross and 
intersect each other at all angles. In one of the open cuts thes~ crystals 
standing in the sides look like huge timbers set up to sustain the rocks. 
One crystal, which is nearly horizontal in its position, shows in the side 
of a drift for 36 feet without a break or deflection. The association of 
cassiterite with spodumene bas been observed at Hill City and in 
several places in Maine. 
Greisen rock car1·ying tinstone.-The granular or disseminated form of 
the tin ore appears to be the. most abundant and constant. The mica-
ceous aggregate in which it occurs consists of a mixture of small scales 
of mica and of albite, also in small or granular masses, or in plates 
radially aggregated. The dominant mineral is the mica, which is io 
crystalline plates seldom over half an inch across, but is withou.t well-
defined lateral planes. Its color is light greenish yellow. It is dense 
and bard, and some of the plates are sufficiently clear and transparent 
to permit of the measurement of the inclination of the optical axes, which 
was found to be, in air, from 750 30' to 760. This high angle and the 
association of the mineral with tin ore and spodumene suggested the 
reference of the mica to lepidolite; but no satisfactory reactions for 
litbia can be obtained with the blowpipe. The weathered surfaces re-
em ble those of the Zinnwald lepidolite, being dark colored and show-
ing the edges of the crystals. Beautiful rose-colored lepidolite occurs, 
however, at the_ Ingersoll location, a few miles distant. The mass of 
greisen ore weathers well, and stands out above the other minerals. It 
crops out boldly at intervals over. the whole top of the mountain for a 
breadth of 100 feet or more, and penetrates the coarsely crystalline mass 
for-med of ortboclase feldspar, quartz, and spodumene, as if it had a. 
' parate and later origin, either by intrusion or segregation. The 
o-rains of tin ore often occur irregularly disseminated, sometime at the 
ba e of an aggi:egation of mica crystals at the junction with the white 
par, and again it is found more sparingly in tlle midst of the mica crys-
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tals in thin flattened transparent plates, recalling to mind the inclusion 
of plates of tourmaline in the sheets of muscovite mica of New Hamp-
shire and other localities. When in such thin plates, the color by trans-
mitted light is a light clove brown. Such small crystals are easily de-
tached by splitting the mica plates. · 
The mineralization of this albitic greisen with tin ore is general 
throughout the mass ; at least, the tin ore can be found wherever the 
micaceous aggregate crops out, as is shown by breaking off masses 
from projecting points. But where large blocks of rock have been 
blasted out, as in the open cut, and fresh surfaces are exposed, the 
amount of ore in different parts of the mass is seen to vary considera-
bly, and the size of the grains of' tinstoqe also varies. The size of the 
grains most abundant is generally under a qu3!rter of an inch in diameter. 
'Masses are, however, found from one-half to an inch in diameter, con-
stituting in such masses more than half tbe weight. The proportion of 
albite is also variable, and the mixture presents somewhat different as-
pects when broken from different places, l;>ut generally the fracture 
shows a very brilliant uneven surface of alternate patches of the white 
spar, mica crystals, and black grains of tinstone. The mica has a 
splendent silvery luster. 
This al bi tic greisen differs from the typical greisen of Europe in having 
al bite with the mica instead of quartz, though the general appe.arance and 
mineralization with the tin ore are the same. The greisen of France is 
described by M. Manhes, and later by M. Mallard h1 the Annales des 
Mines, sixieme serie, X., 325, as formed of irregular fragments of mica 
and of quartz, appearing in the mass like a pudding-stone. It occurs 
at the tin mines of Vaulry, France, and is regarded as the same in ori-
gin as the veins. The tin ore of the latter locality occurs both in thin 
veins traversing granite in a schistose region, and also disseminated in 
the greisen. Von Cotta describes the greisen of Zinnwald as a granular 
mixture of quartz and white Hthi:a mica without feldspar. 
Percentage of tin in the greisen.-Tlie amount of tinstone in the greisen 
has not yet been ascertained in the large way by working in a mill. 
Assays of small lots give, of course, varying quantities, depending upon 
the selection of the fragments. Selected hand samples of the greisen 
will yield from 6 to 10 per cent. of concentrate. An average, as nearly 
as possible taken from the outcrops in 1883, yielded about 3 per cent. of 
black tin, equivalent to 60 pounds in a ton of greisen. This is a high 
average for tin ore in the large way. The average yield in the mill will 
depend upon. the extent to which the lower grades of ore are rejected. 
lt is probable that it will be found profitable to mill everything that 
contains tin ore, even if some of it does not carry more than 10 pounds 
to the ton, for when mined it can be cheaply milled, and it would cost 
foss than to sort it. Besides, there is much greisen rock which, with-
out showing any grai~s of tinstone to the eye, contains enough to pay 
J'p;r crushing and concentrating. The quantity of tinstone developed by 
2:M:B-39 
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crushing and washing some of the masses whicb do not show tinstone 
is surprising. At the Altenberg tin stockwerk, in Germany, the 
rock mass contains tin ore throughout, though this is so finely dissemi-
nated as to be almost imperceptible; but it yields from 6 to 10 pounds 
of tin to the ton and has been extensively worked. The general aver-
age of the ores raised from the mines of Cornwall appears to be less 
than 3 per cent., being under 60 pounds of black tin to the short ~on of 
ore. 
There have been several shipments to New York of sample lots of tin 
ore from the . Etta mine, consisting chiefly of the greisen ore. There 
have been crushed and concentrated, in a large way, by Mr. Riotte, at 
the New York Metallurgical Works, and from the concentrate or black 
tin so obtained some hundreds of pounds of block tin were smelted out 
in 1884. According to the certificates of the results of tests at these 
works one sack containing 100 pounds of greisen rock from the west 
tunnel in June, 1884, crushed, sampled, and assayed, showed that the 
average was 4.6 per cent. of black tin, equivalent to 2.95 of pure tin. 
This 100 pounds of ore worked on a vanner produced 4.55 pounds of . 
concentrates, which, after roasting and rewashing, were found to con-
tain 70.5 per cent. of tin. .A. ~ample lot of 5 tons of greisen taken from 
the dumps in July, 1884, by Professor Bailey, and forwarded to the New 
York Met3!1lurgical Works, has yielded in 1-ton lots about 4.6 per cent. 
of black tin by concentration. One lot of 340 pounds weight of the 
massive ., kidney." ore from the Etta yielded Mr. Riotte 44.1 per cent. 
of tin. When crushed and washed, 210 pounds of clean black tin, as-
saying 71 per cent., were obtained.(a) 
Active mining operations for the production of ore have not yet com-
menced upon the Etta mine, but it is the intention of the company to 
erect extensive crushing and concentrating works, and to commence 
working the mine on a large scale in the course of the year 1885. The 
first production of tin commercially in the United States was from Da-
kota ore. In June, 1885, several hundred pounds of block tin reduced 
from the ores brought from the Black Hills by the Harney Peak Tin 
Mining Company were purchased by the Crooke Brothers of New York 
Cit,y, and manufactured into foil of a superior quality. 
Bob Ingersoll claim.-A t the Bob Ingersoll claim a greisen rock of a 
coarser grain than that at the Etta is found, but it does not carry tin 
ore so persistently. The cassiterite at this locality is chiefly dissemi-
nated in irregular bunches in albite, the masses of ore weighing from 
an ounce to two or three ounces. It is not closely associated with any 
other mineral or gangue, but many minerals are found in the same dike 
e pecially columbite or tantalite in a large mass weighing not less than 
a ton. Spodumene has not been seen. Tourmaline is, however, Y-ery 
abundant, and i common in the midst of the masses of muscovite mica. 
a 'ond n ed from the reports and certificates of working of the ores of the Harney 
Pea.k 'J'in M~ing Milling, and Manufacturing Com,vany. 
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Beautiful lepidolite occurs also, and some of the ores of uranium in 
small quantity. There is also an interesting arsenical pyrites contain-
mg tin. 
Western slope of Harney range.-Tin ore has been discovered also on 
the western side of the Harney range, particularly on Spring creek near 
Hill City, in lodes of regular form traversing the mica-slates and mica-
ceous sandstone~. These lodes may be grouped in two well-defined 
classes: (1) Quartz lodes carrying the cassiterite in crystalline masses 
and bunches; (2) granitic lodes or dikes having approximately the 
' composition of granite, but carrying cassiterite in disseminated grains 
or crystals, generally smaller than the masses found in the quartz and 
darker in color. The c~ssiterite in the quartz lodes is generally reddish 
brown in color and very brittle, w bile · the cassiterite in the granitic 
dikes is nearly black. 
A great number of claims have been located in the Hill City district, 
and several are now being actively .prospected and developed by the 
Barney Peak Tin Mining Company, preparat~ry to the erection. of a 
suitable mill for concentrating the ores. The locations which have al-
ready been partly opened, and from which ore in commercial quantity 
has been taken , are the Mohawk, Gertie, Cassiterite, Never-sweat, Cow 
Boy, and the George H. Coates. Ore on these claims was visible at the 
surface, and has been followed down as far as the excavations ·haveex-
tended. It is known to occur also at other claims, as the Empire and 
the Harney. At the George :a. Coates lode the ore is disseminated in 
a granitic gangue about 6 feet wide, in close assqciation with a peauti-
ful well-crystallized white mica. The cassiterite is crystallized in 
double pyramids with re-entering angles. 
In these Hill City veins ore of a very high percentage can be selected 
by hand, and it all cqncentrates with great ease, as there are no heavy 
impurities in the veins to contend with. No combinations of tin with 
sulphur or arsenic have been found in the district, and wolfram has not 
yet been seen in association with the ore. The· general course of the 
veins and dikes is from northwest to southeast. The granitic dikes are 
more regular and ]ode-like than on the eastern side of the range, and 
the crystallization is not so coarse. There is a notable absence of colum-
bite and tantalite. Spodumene has been found in the veins of the Tele-
graph group. The tin ore appears in all these dikes to have been con-
temporaneous in origin with-the minerals forming the substance of the 
dikes, for it forms a constituent part without any signs of alteration, 
penetrating the mass of quartz, feldspar, and mica as an. integral por-
tion. There is also a notable absence of titanic acid in the form of 
sphene, so co·mmon in the soda granites of the Sierra Nevada and the 
Wahsatch mountains. 
Tin discoveries at Dogtown.-Discoveries of ·tin-bearing veins have 
been maeie by R. E. Thompson and others at a place called Dogtown, 
.about~ .111Hes, below Rill Qit!-r ~nd sev~raJ !Q~ttoos .b.aw peep. made. 
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Samples from theRe veins show a granitic or g-reisen-like gangne 
with disseminated grains of tinstone. The principal claims are the 
Carnbrea, Snowshoe, and Wild Dutchman . . The Carnbrea is described 
as 20 inches wide, with regular walls, and opened to a depth of 17 feet. 
The Snowshoe is 24 inches wide, also with distinct walls, and traceable 
for 1,800 feet. It is opened to a depth of 10 feet. The ore from the 
Wild Dutchman is quartz showing included lumps of cassiterite and a 
sprinkling of iron pyrites. · 
Tin ore has also been found on Warren's gulch, 6 miles southwest of 
Custer City, thus extending the area of the ti'n-bearing region far to the 
south of HilJ City. This discovery was made by Mr. D. P. Moore, and 
several locations had been made in t,be month of May, 1885. Other 
·discoveries have since been reported. 
Area of the tin region.-As the area of the tin region of the Black 
Hills is being const~ntly extended, it is premature to attempt to define 
it. H should be observed, however, that tin is not found in all the 
granite rock of the region. Much undue excitement has been caused, 
and many exaggerated reports have been circulated respecting · the oc-
currence of tin in tl;ie .granite of Harney peak, and · hundreds of Ioca 
tions have been made where no tin has yet been found. Some of the 
prospectors at, first mistook the common black tourmaline of the region 
for tin, and made wild and unfounded estimates of the inexhaustible 
supplies of ore to be mined from the flanks of the granite mountains 
around them. There has not probably ever been in this country a bet-
ter illustration of th~ value of a knowledge of· mineralogy to the pros 
pector. 
Stream tin in Dakota.-Stream tin, or alluvial tin ore, derived from 
the disintegration of the veins and rocks, occurs here in all important 
tin regions, and it promises to play an important part in the future de-
Yelopment of the region. It is found, as might be expected, in the 
watercourses which head at and near the Etta claim, on Tin mountain, 
and in other places, thus giving good evidence of the existence of other 
Yeins and sources than those on Tin mountain. On Battle creek, be-
tween the Etta location and Harney City, in sluicing for gold, a large 
quantity of heavy black mineral in grains from the size of peas to that of 
pigeon eggs and larger is met with. This heavy black ore has always 
been a hindrance to the placer miners on that stream, and has beeu 
thrown away as useless. It is found to consist largely of tin ore of 
good quality; some of it shows small adherent scales of mica, iudica-
hYe of its derivation from greisen, and some of it js tantalite or colum-
bite and iron ore. It is not easy to reach the bed rock along this creek, 
owing to the abundant 8npply of water and the deficient drainage, with-
ont a bed-rock flume, which has been proposed by the gold mi~ers for 
th <rold alone. It i. now probable that both the stream tiu and th 
gold will be mined together, ancl to much· greater advantage than if 
worke<l alone. Prospecting for stream tin along the valley of thi 
e,-reek is still in progress. 
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The ore has been found also on Iron creek, and later on Spring creek, 
about Hill City, where the breaking down of numerous veins has sup-
plied the soil and the ravines with tinstone, as well as gold, for both · 
are collected together in sluicing. Stream tin has been taken from 
Sand creek, near the Wyoming line. 
WYOMING. 
J!in at Nigger hill.-Tinstone has also been discovered in commercial 
quantities in the northwestern portion of the Black Hills, near or just 
beyond the line between Dakota and ·wyoming, and about 40 miles from 
Deadwood. It is the extreme northern prolongation of the Harney 
Peak tin region. It first came to notice by finding that the heavy black 
pebbles and sand which clogged the sluices of the gold miners were tin-
stone of good quality. The discovery of the tin ore at the Etta claim 
directed attention to this, and in the. year 1884, 5 or 6 tons of stream tin 
of h.igh grade are said to have been collected along the ·course of Bear 
gulch and Sand creek near the Dakota line. Two or more shipments 
from this stream tin have been made to New York. From one lot of 4 
sacks, weighing 420 pounds, Mr. E. M. Riotte obtained 400 pounds of 
clean black tin, which yielded 194 pounds of excellent metallic tin, or 
46.1 per cent. Sample bars of this tin have also been made by Mr. S. 
F. Mollitor, of Deadwood, who has directed attention to this locality. 
In the summer of 1884 some tin lodes were discovered and many loca-
tions have been made. It is claimed in the public prints that one of 
the veins is '' 100 feet wide, and that it has been traced 4 miles." It ap-
pears that a tunnel has been run in for 100 feet, but the value of the ore 
found is not stated. 
Samples of ore arid of tin have been forwarded to San Francisco by 
Mr. Mark R. Hydliff, of Bear gulch. The principal claims enumerated 
are the ' Swansea, Ohio1 Crow Dog, Grace, Commercial, Rough and 
Ready, Boston, Grant, Michigan, Morning Star, and Dakota. The ores 
appear to be granitic and contain considerable mica. The area of the 
tin district is believed to be about 4 by 8 miles. The veins are-mostly 
on the divide between Bear gu·Ich and Sand creek. 
IDAHO AND MONTANA. 
Extensive distribution of tin ore.-The many points at which tin ore 
has .been found in Montana and Idaho indicate that it has a wide and 
general distribution in the granitic region of the North west~ particuiarly 
in the Rocky mountains at the headwaters of the. Missouri, and in the 
western drainage, including the streams :fl.owing from the Bitter Root 
range, especially in the Snake and the Salmon and their aff:luep.ts. 
In the year 1866 attention was directed to the fact that stream tin 
had been found in ·beautiful brown grains on Jordan creek, Idaho, with 
gold in the placer deposits of that strean;,..(a) 
a" Catalogue of minerals found in California and the ad.joining States and Terri-
tories," page 9, 1866. 
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A recent discovery of" fl.oat" masses of tin ore assaying 60 -per cent. 
is reported from the Camr d' Alenes, Idaho. 
At the International Exhibition at Philadelphia in 1876, Dr. Hill of 
Glancy, Jefferson county, Montana, exhibited a bar of tin about 6 inches 
long, 2 inches wide, and 1 inch thick, which he reduced from stream 
tin mined in the creek' at Glancy, not far from Helena. The ore at this 
place is found in the form of wood tin in small rounded,light-brown col-
ored grains about the size of peas or kernels of corn. It is accompanied 
by white brilliant crystals of topaz like those with the Durango t,in ore. 
This wood tin closely resembles the Durango ore and that from Idaho. 
Tin ore has also been found at French Bar, about 18 miles from 
Helena ; at the head of Ten l\Iile in the "Basin," and in Basin gulch. 
Mr. Benjamin Franklin, of Deer Lodge, Montana, washed out some of 
the ore several years ago from Petersen creek, which heads in the main 
range of mountains and empties into the Deer Lodge at Deer Lodge 
City. These localities were described in 1882.(a) 
TIN ORE IN CALIFORNIA. 
In California tin ore has been found in the southern portion of the 
State in the Temescal range in San Bernardino county, southeast of 
Los Angeles. This locality is generally known as the '' Temescal tin 
.nines," and has excited considerable attention and absorbed consider-
able money in prospecting. It is a region of granitic rocks, and tin-
stone occurs in many places·, but chiefly at the Cajalca, where a shaft 
has been sunk following an irregular vein or mass of amorphous cas-
siterite of a brown and black color. Some tons of this ore were taken 
out as early as the year 1860, and some t in was made from it and sent 
to New York. An examination of the mine and of the surrounding 
region was made by Mr. W. P. Blake in 1863, who found an extensive 
dissemination of tin ore in small quantity in various veinlets and small 
lodes, but particularly in a dike-like lode carrying arsenical pyrites and 
oxide of tin in fine powder, of a yellow-drab color, in the weathered 
outcrops. The shaft at the original discovery, on another lode, the 
Cajalca, was partly filled with water and was not then worked. An 
analysi8 of the ore from this lode by Dr. F. A. Genth showed the pres-
ence of: 
Silicic acid . ... . ... _ . . . ... . . .. _ .. .. . .. . . . . _ . .. ..... . . 
6~~8!~\i~~~:::::::::::::::::::::::::::: :::::: :::::: 
Oxide of copper . . . ... . . . ... . . .. . . _ .. _ . .. .. . . .. . . . . __ . 








According to Capt. W. William , who opened the mine, there wa a 
cour e of ore howing in the adit 1evel between the two shafts for about 
a "Occarrence of Wood Tin-;-California, Idaho, and Montana," by W. P. Blake, 
Min'11g aM &ientijio Presa, A.ugmit o, 1882. 
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50 feet in length and about 4 feet in thickness on the hanging wall of 
the lo<le, worth, he estimated, not less than $300 per fathom, while the 
whole breadth of the lode would pay to stamp. The drift, about 100 feet 
under the adit level, is not driven far eriough to be under the bunch of 
ore described. Captain Williams also states that the lower drift is 
driven south toward and under the Cajalca bill for a distance of 300 
feet, following the lode, which w_ill average 3 feet in thickness and con-
tains good ore in bunches. There are several small lodes or veins be-
tween the Cajalca and Temescal creek. 
This rflgion, though affording tin oxide in many places over a consid-
erable area, has not realized the hopeful expectations of those wl;l.o have 
made efforts to work it. The great cost of labor during and since the 
gold excitements of the Pacific coast, and the _unsettled; uncertain con-
dition of the title to the lands and minerals of the locality, have been 
two of the great obstacles to success. A decision in favor of the San 
Jacinto Tin Company was rendered in the United States circuit court 
in April, 1885. 
It is stated that tin ore has recently been found farther south, near 
San Diego. The coarse crystalline granites of the mountain range east 
of that place are not unfavorable to the occurrence of tin. 
In northern California a single specimen of stream tin has been re-
ported from the alluvions of the Middle fork of the Feather river, about 
3 miles above Big Bar, in Plumas county. It resembles the Montana, 
Idaho, and Mexican ore, and it may have been accidentally dropped 
there. Still another find of tin ore is reported by the .Amador Ledger, ; 
in December, 1884, as follows: "Col. W. T. Robinson and William N. 
Waterman, while prospecting for gold in the neighborhood of Big Bar, 
on the Mokelumne river, discovered a vein of tin some 5 feet in thick-
ness on the Amador side of the river. The ore is very similar to that 
found in Durango, Mex'ico. The find is thought to be of great impor-
tance." Such a report requires confirmation as to the nature of the ore 
as ·well as the extent. Garnet is often mistaken fo.r tin ore. 
FOREIGN SOURCES OF TIN. 
Great Brita-in.-Tin mining in Cornwall is of extreme antiquity. 
Some of the most important veins have been traced over an extent of 
2 miles, and they vary in thickness from a small fraction of an inch to 
several feet, the average width being from 2 to 4 feet, but they are sub· 
ject to continued narrowing and expansions. (a) W. J. Henwood gives 
the average width of the tin veins of Cornwall as 4.7 feet. The occur., 
rence of stream tin with gold has been noted at the stream works in the 
county of Wickiow, Ireland. (b) 
The greater portion of the statistics of tin mining and smelting and 
of the exports of tin and of tin plate from Great Britain which are herein 
a Ure's Dictionary, article '' Tin." 
b American Journal of Science, second series, Vol. XI., page 232, 1851. 
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given, are drawn from the official publication upon Mines and Minerals 
of the United Kingdom, taken from the reports of the inspectors of 
mines to Her Majesty's secretary of state for the year 1883. This ex-
cellent repol't contains full details respecting the production of tin ore 
and tin in England, and also some valuable data respecting the supply 
of tin from the chief centers of production in other parts of the world. 
The production of tin ore in the United Kingdom in the year 1881 
amounted to 12,898 long tons 300 pounds, valued at £697,444 5s. 3d. 
yielding 1,615 long tons of metallic tin, worth £839,680. This was pro-
duced in Cornwall and Devon~hire, from a total of 95 mines or workings 
on veins, in streams, rivers, and foreshores. The production of tin ore in 
Great Britain in 1882 was 14,045 long tons, valued at £803,847. The 
ore contained 9,158 long tons of metallic tin, valued, when extracted, at 
£977,158. In 1883 the production amounted to 14,469 long tons, valued 
at £735,189, and the metal contained in the ores amounted, when ex-
tracted, to 9,307 long tons, valued at £903,476. The tin ore from mines 
was obtained from over 100 mines or mining properties, of which a list 
is given in the official report showfag a yield from 1 ton or less up to 
1,875 tons for Dolcoath, the largest producer. The division of the pro-
duction between the mines, open works, and old mine heaps and refuse 
of dressing floors is shown in the succeeding table: 
Production of tin ore in Great Britain in 1883. 
Value of 
Mines and other·worke. Dressed tin ore Amount of metal-
the tin ore 
at the 
("black tin"). lie tin in the ore. mines or 
"'.Orks. 
Cornwall: ' 
1. Tin ore from mines ...........•....••••...... 
2. Tin ore from open works ......... . ......... . 
3. Tin ore from foreshores, old mine heaps and 
the refuse of dressing floors ......... '. . ... . 
Tona. cwta. qra. Tons. cwta. qra. 
12,756 1 0 8,419 0 0 £665,805 
203 0 0 134 0 0 10,758 
1,4.39 18 1 709 8 0 54., 929 -------
Total Cornwall . ............................. . 
Devonshire, tin ore from ;mj,n.es ................... . 
14,398 19 1 9,262 8 0 731,492 
69 19 3 44 16 0 3,697 
Total, United Kingdom ................ .. ... . 14,468 19 0 9,307 4 0 735,189 
In 1883 there were eight tin smelting establishments in the United 
Kingdom, owned and located as shown in the following list: 
Bolitho, Thom'1,s & Sons, Chyandour, Penzance. 
Calenick Tin Smelting Company, Oalenick, Truro. 
Charlestown Tin Smelting Company, Charlestown, Saint Austell. 
Danbuz & Oo., Carredras, Truro. 
Michell, R. R. & Co., Trereife, Penzance. 
Penpall Tin Company, Truro. 
Redruth Tin Smelting Company, Redrut,h. 
Williams, Harvey & Co., Trethellan, Truro, and Mellanear, Rayle. 
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The yield of tin (" white tin") from the black tin as dressed and 
smelted in Cornwall, in 1877, wa,s about 70 per cent. This, of course, 
depends upon the extent to which the impurities ate removed by the 
washing or dressing process. In the "Mining Records" <?f 1853 Mr. 
Robert Hunt gave the average produce as about 65 per cent. In the 
"Mineral Statistics of Great Britain" the metallic contents of imported 
black tin ore are taken at 64 and 65 per cent., and even as high as 70 
per cent. The following shows the average for the years named: 
Years. Per cent. 
1860 .......... : ............. '........... 64 
1865...................... . ............ 64 
1870 ••• , •••••••..•••..•.••.••.••••• ·•.•• 67 
1875 ••••••••••.• ·-····················· 68¾ 
France.-Tin ore is found in the granitic rocks and ancient schists of 
the plateau of central France, especially in Brittany and Limousin and 
the kaolin localities of the Colettes, near Lalizolle. None of these 
localities, however, are of commercial importance. Numerous attempts 
have been made to work them, but the percentage of the tinstone is 
small, and the production has nevp,r been large. 
The tin region of Brittany in its position and geological formation 
resembles Cornwall. The rocks are clay slates, mica-slates, and gran-
ite. The department of Morbihan has a great number of stanniferous 
veins, notably at Villeder, where there are extensive ancient excava-
tions upon the veins, of which no record ex1sts, b··ut they are believed 
to be of the stone and bronze period, anterior 'to historic times. Tbe 
tin-bearing lodes are .composed chiefly of quartz, and vary greatly in 
their thickness. They traverse schistose rocks, and crop out a short 
distance from the borders of a great central mass of granite, which, in 
the vicinity of the veins, has both white and black mica in its composi.· 
tion. The following.named miner~ls are found associated with the tin 
ore: Muscovite, beryl, phenacite, topaz, tourmaline, apatite, molybde-
nite, mispickel, pyrite, black blende, chalcopyrite, galena, and several 
secondary minerais, such as hydrous oxide of iron and arseniates of 
iron, due to the alteration of mispickel. The quartz under the micros· 
cope is seen to contain an extraordinary number of liquid inclusions, 
apparently of water and liquid carbonic acid.(a) 
There are also tin.bearing veins at Vaulry, true quartz veins, the 
thickness of which does not exceed 3 to 5 centimeters (l to 2 inches), 
but they are numerous, and they traverse a granite so as to form a reg-
ular stockwork mass. The associated minerals are: Wolfram, mis-
pickel, oxide of copper and native copper, molybdenite, and phosphate 
a Lodin: " Gites Stanniferes de la Villeder ;" Bulletin de la Societe Geologique dB 
France, 3e Serie, t. XII., 1884, No. 8, page 656. 
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of uranium, near a small vein of :fl.uorspar. Phosphate of lime and sul· 
phate of baryta occur sparingly. (a) • 
The same author describes the occurrence of cassiterite in the peg-
matites of Chanteloube in the quarries which have been worked ~·or 
feldspar, to be used at the porcelain works. It is there associated with 
beryls, garnets, wolfram, columbite, apatite, uranite, triphylite, hetero-
site, etc. · 
According to the official returns of the British Board of Trade the 
imports of tin ore and tin into the United Kingdom from France in the 
year 1883 were 517 long tons of tin ore, valued at £24,184, and 24 
hundredweights of tin, worth £95. 
Austria.-The production of tin ore in 1882 was from two mines, and 
amounted to 1,051 tons. At the beginning of the seventeenth century 
the production of tin at Schlackenwald was about 170 tons, and at 
Schonfeld 80 tons annually. The mines of these districts are not now 
worked. 
Germany.-The tin deposits of Altenberg were discovered in 1458, 
and formerly produced 250 to 300 tons of metallic tin· annually, which, 
about the middle of the sixteenth century, had decreased to only 100 
tons. The zwitter, or tin-stuff, is said to yield from 0.3_ to 0.5 per cent. 
of tin ore. The production in 1880 of tin ore from the Altenberg mines 
was valued at £9,105, and from a mine at Zinnwald at £53. 
Italy.-An ancient mine which had apparently been worked for tin 
ore was discovered in the year 1875 about 35· miles southeast of Leg-
horn, near Campiglia. Cassiterite occurs in irregular pockets and fis-
sures in a limestone of the Lower Lias. This mine was probably worked 
by the Etruscans and ancient Romans. In 1877 the mine yielded 21 
tons of tin ore. Another mine, east of Monte Fumacchio, produced in 
the same year several tons of inferior tin ore. In 1878 these mines pro-
cluced 31 tons of tin ore, worth £384 ; in 1879, 2 tons, worth £16, and 
in 1880, 16 tons, worth £128. 
Spain.-Tin ore occurs in veins and in placers in the provinces of 
Orense and Pontevedra. The veins traverse mica-schists and born-
blendic rocks, ·and seldom exceed 7 inches in width. The veinstone is 
quartz, with some mica. Tin ore occurs also in the provinces of Sala-
manca and Almeria. In Cartage·na tin ore is found in lenticular deposits 
in Permian slate. In· 1880 only one mine was productive, and, accord-
ing to Phillips, yielded about 12 cwts. of black t.in. According to the 
officia 1 returns of the British Board of Trade 200 tons of tin ore, valued 
at £1,000, we~e imported from Spain in 1883. It is probable that the 
Pbamicians obtained, ome tin from Spain. 
Portugal.-A mall quantity of tin ore is obtained annually from 
ortugal, timated at about $2,000 in value. It is found in small vein 
in grafit and in the older slates, and as stream tin. In 1883 it is re-
a1fallard: " nr les Gisements tanniferes du Limousin et de la Marche ;" A:nnal,eB 
d,s Mines [6~], Vol. X., page 325. 
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ported that fifteen tin mines were in operation. Some of these were 
probably placer deposits. 
Russia.-The production of tin in Russia is not large. According to 
the following exhibit, drawn from official sources, the annual average for 
five years ending in 1873 did not · exceed 10.2 short tons. This was 
from one mine and two furnaces in the government of Viborg, in Finland. 
The production in 1879 was only 2 tons. The export to the United 
Kingdom in 1883 amounted to 7 tons of tin ore, value at £173. 
Pro4uction of tin in Russia. 
Years. 
Poods. Poods. 
1869.... .. ... . ....... . ..... . . . . . . . . . . . 213,000 1,020 
1870..... .. . . ... .. .... . . .... .. . . . .. . . . . 66,292 I, 030 
1871... . .......................... . . . . 22, 909 475 
1872 . ................................ . ·: 21,445 263 
1873........... ...••. . . .. .. .... . . ... . . . 5,936 130 
1874...... .. . . . . .. . ...... ... . . . . . . . . . . . 4,596 ...••..... 
1875 ........... ············ ...... · ····· 231 .......•.. 
Sweden.-This country is reported to produce not over 200 tons of 
tin ore per annum. The exports of tin from the United Kingdom to 
Sweden in 1883 amounted to 158 tons of British production, valued at 
£15,308, and 9 tons of foreign production, valued at £877. 
New South W ales.-In New South Wales there has been a large and 
constantly increasing production of stream tin ore since the discovery 
in the year 1872. A recent geological report by Mr. T. W. E. David (a) 
gives an interesting description of the tin-bearing region . . The tin 
placers, like the gold placers of California, are of different periods and 
at different elevations. There has been enormous erosion and wearing 
away of the surface of the older sedimentary rocks and the granites in 
which the tin-bearing lodes occur. The disintegration and wearing 
down of these lodes has supplied the tinstone to the deposits of gravel, 
whieh are now found not only in the beds of existing streams but at 
various levels in the hills where rivers formerly ran. Some of these 
higher chaunels have been filled with lava precisely as old river chan-
nels in California have been filled, and in each case the lava has kept 
the gravel of the old channel from farther erosion and wearing away. 
It results that in New South Wales there are tin-bearing drifts of dif-
ferent periods, the Tertiary deposits, generally covered with basalt, be-
ing the oldest ; and tbe ~isting river and creek beds containing the 
latest deposits, formed in many instances by ·the cutting away of the 
older and higher channels. There is such an extensive distribution of 
· tin-bearing gravels at these different levels that it seems probable that 
there is little danger of the exhaustion of the field for many years to 
a Report of the under secretary for m~nes, New South Wales, for 1883. 
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come. The shallow antl most accessible deposits are, however, being 
exhausted rapidly, and recourse must be had to the higher deposits, 
which will be reached by tunneling through the rim rock and drifting 
out the layer of tinstone on the bed rock. One of the deep channels 
has already been worked and the drier parts have been mostly worked 
out. It is said that one company took out 2,000 tons of ore from 5 acres. 
The exports of tin ore and tin from New South Wales (the produce of 
the colony) up to the year 1884 are shown in the following table: 
Exports of tin and tin ore from New South Wales. 
Yea.rs. Ingots. Ore. Years. Ingots. Ore. 
Long tons. Long tons. 
1872....... .. . ...... ...... 47 849 
1873................. .. . . . 911 3,660 
1874 .... ... ... ...... ... ,.. 4,101 2,118 
1875................. •. . . . 6,058 2,022 
1876...................... 5, 449 1, 509 
1877...... . . . . . . . . . . . . . . . . 7, 230 824 
1878 .... ..... ······· ..... . 
1879 ................ ······ 
1880 ...... ······ · ........ . 
1881 ................. · · · -
1882 .. ..... . .... ······ ... . 
1883 ... .... . . . .. . .. , ······ 
Long tons. Long tons. 






Ac~ording to Professor Liversidge, the tin.bearing area in New South 
Wales is estimated at 8,500 square miles. The production up to the 
year 1884 was : Ingot tin, 64,794 long tons 6½ cwts. ; ore and regulus, 
15,268 tons 11 cwts.; the whole valued at £5,997,590. A portion of the 
ore smelted in New South Wales jg obtained from Queensland. The 
ore occurs in veins and as stream tin; the veins traverse granite, and 
ar~ considered to be like those of Cornwall. The ore is found also in 
veins of greisen, and in granulite or eurite. Sometimes the ore is found 
disseminated in large and well.formed quartz crystals. 
Victoria.-Stream tin is fouud in Beech worth district, in the tributa· 
ries of the Lerderderg in tlie tributaries of the river Yarra; in the basin 
of the Thompson river, and in the feeders of the Latrobe river. In 1880 
the alluvial tin ore mine<l amounted to J 03 tons 10 cwts. In 1~82, 1,077 
tons of tin ore were produced; and in 1883, 94 tons 4 cwts., of which 
about 35 tons 14 cwts. when smelted yielded from 30 to 72 per cent. of 
tin. Fifteen tons 19 cwts. of tin ore were exported in 1884. The quan· 
tity of metallic tin exported in 1883 was 57 tons 14 cwts. 
Queensland.-Tbe main tin.bearing region of Queensland, according 
to T. F. Gregory, has an area of about 550 square miles, of which only 
about 225 square mile have been found sufficiently rich in tin to pay 
for working. The whole of this stanniferous ar~a is an elevated granitic 
table land. The ore is foun<l in veins and in the soil on the back of the 
v-eirn" and near them. A second tin.bearing region is known as the 
r at We tern tin field. The number of mines in operation in the year 
J 81, including the washing , was 174. The annual producfion -up to 
J 8 3 i ·hown in the following table, from Phillips's '' Ore Deposit ·'' 
Th uddeu increa e of quantity in 1881 was due to the discovery of the 
Gr at We tern field. 
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.ti.mount and val·ue of tin ore produced in Queensland from 1872 to 1882 inclusive. 
Years. Quantity. V aJue. 
Long tons. 
1872 ................ . ............•......•.••.......•.••••...•...........•...... , 1,383 
1873. .. . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . •• • . . . •. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 790 
1874.............. .. . . . . • .. . . . . . .. • . . .• • • •. .•• • •. .•. . . . .••.... •. • •• . . . . . . . . . . • . 3,193 
1875 .................... . :..................................................... i,470 
1876....... . • . • . . . . . . • . • • • . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .• . . . • . . . . . . . . 2, 325 
1877 ...................... ,. . . . . . • . . . . . . . . . . . • . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . ·2, 519 
1878.................. .. . . • . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . • . . ••. . . . . . . . . . • . . . . 1, 178 
1879.......... . ... . ................... •• . . . . . . . . . . . .. . . . .. . . . . . . . . . . . ... . . . . . . . 3, 142 
1880 ............................•. :. . . . • . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . 1, 553 
188L ...............................................•....................... _... 106,448 










2, 168, 790 
560,590 
Total ... . ... . .............•••.......................•............... ·. . . . · 155, 313 3, 684, 687 
In regard to the production of the colony for the year 1883, a com-
munication to the London Mining Journal from Herberton, North 
Queensland, November, 1884, states that the quantity exported from 
Herberton district alone amounted to 2,821 tons 12 cwts., valued. at 
£151,903, anq there being theu no smelting works for tin in Queensland 
the whole product was shipped to Sydney, New South Wales, and was 
included in that colony'R exports, and received in England as the prod-
uct of New South Wales, while Queensland for the same period was 
officially credited with only 22 tons of tin ore. Herberto:il is no\v the 
largest tin-producing district in Queensland. 
Tasmania.-Tin ore was discovered in Tasmania in 1872, in the north-
western part of the island at Mount. Bischoff, 54 · miles from the port 
where the ore is now shipped. The ore occurs in porphyry iri strings 
and lodes irregularly. Up to 1875 only one well-defined lode 'had been 
laid bare. The deposits in the surface earth are frequently extremely 
rich, while other places near by are poor in tin ore. On one section 
240 tons of tin ore were taken from an area of wash dirt only 60 feet 
square. Tin ore is also found at Mount Ramsey, 10 miles from Mount 
Bischoff. This mountain is composed chiefly of a coarse-grained granite, 
containing tourmaline. The ore is also found at Wombat Hill and at 
Mount Housetop. On the east coast stream tin is found near the source 
of a small rive;r known as the Golden Fleece. The tin-bearing forma-
tions have been traced for a great distance to the northwest. 
In 1876 the value of tin ore and ingots exported from Tasmania was 
£100,000; in 1877 it was £296,941; in 1878, £316,311; in 1880, £341, 736, 
and in 1881, £375,775. In 1883, according . to the official customs re-
turns, the exports to the United Kingdom amounted to" 2,288 cwts. of 
tin, valued at £10,770. 
Straits Settlements.-These comprise Singapore, Penang, Province 
Weliesley, and Malacca. The tin ore of Malacca occurs in quartz veins 
traversing granite. rhe tinstone of Perak is light colored and is often 
translucent. It is obtained from a,lllivia\ deposits1 not from the lodes, 
622 MINERAL RESOURCES. 
The exportation of tin for five years, ending with 1880, is shown in the 
following table : 
Years. 
1876 ............................................................. . 
1877 ............................................................ . . 
1878 ............. . .......... . ................ .. .. .. ... .. ... . ..... . 
1879 ............................................... . . . ........... . 
1880 ............................ .. .. . ........ . ....... .. .......... . 
Laront. Lower Perak. Total. 
Long tons. Long tons. Long tons. 
1, 783 271 2. 054 
2,511 547 3,058 
2, 8951 739 3, 634 
3,478 848 4,, 326 
4, 406 1, 038 5, 444 
The aggregate value of this production is stated at £450,000. The 
exports in 1882 amounted to 7,000 long tons, and about 40,000 China-
men were employed. The tin is sent to Penang, which receives also 
the tin produced in Siam. (a) 
The Journal of the Societe de Geographie Commerciale for 1884 states 
that in Lower Perak and Kinta, the principal mining districts a,re Olon-
Kinta, Chandenong, Chemor, Yanka, and Khan.Baron, which in 1880 
exported 1,038 tons, while the total tin exports of Perak have risen from 
3,054 to 5,444 tons in four years, their total value being· estimated at 
£4,-500,000. 
The Strait s shipments in 1883 to the United Kingdom amounted to 
280,235 cwts., valued at £1,310,453. 
Dutch E(l.st lndies.-The islands of Banca and Billiton, noted for their 
production of tin, a.re formed of granitic masses in the midst of Silurian 
slates and quartzites. The tin ore is obtained chiefly from. placers. 
The production in 1882 was 8,550 tons of metallic tin, part of which was 
sent to China. The East Indies have long been celebrated for the quan-
tity .and fine quality of the tin exported. · Banca furnished the chief 
supply, in addition to the product of Cornwall, until the discovery of 
the mines of the island of Billiton in 1851, followed, in 1873, by the de-
velopment of the tin deposits of Australia. Banca tin is sent to Hol-
land in slabs which average about 64 pounds in weight, 1,000 weighing 
about 32 tons. This tin is sold by the Dutch Trading Company. In 
1881 the sales amounted to 135,592 slabs, at prices ranging from 53 to 
64 :florins per kilo. In the same year 78,000 piculs of Billiton tin were 
sold in Batavia at prices ranging from 60.33 to 75.43 :florins per picul. 
The following figures give an i<lea of the production of the Dutch tin 
regions and the exportation from them: 
1-------1 Longt.u. l 
Banca. sales in 1881 , . • .... .. ... . . _. .... . . . . . . . •, 33r, I 
Billiton . _ . . . .. . .. . . . ... .. ... . . .. .. .. .... . _ . . . . 4, 735 
Straits shipments to London . . . . . . . . . . . . . . . . . . 5, 795 
Straits shipments to the United States . ... . ... 5,680 
~fhillips: '' Ore :Peposits/7 :pa~e ~. 
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India.-Tin oxide occurs at Nurunga, in the Bengal presidency, in 
lenticular beds in gneiss seldom over a foot in width, and sometimes 60 
feet in length. .According to Phillips, about 8 to 9 cwt~. of metallic tin 
was obtained from the ore about fifteen years ago. .A few specimens 
of cassiterite have been found in Bombay. 
Bunnah.-Tennasserim, in British Burmah, ;yields tin ore occurring 
in a decomposed granite, in a vein about 3 feet wide. Some 1,200 pounds 
of the washed ore were sent to the India House. 
Japan.-A small am·ount of tin is produced annually in ,Tapan. (a) 
It is reported to occur in three out of the thirty-five ken. .According 
to Mr. Godfrey, the totaI yield in 1874 was 16,800 pounds. .At the Tan-
iyama mine, said to be owned. by the Prince of Satsuma, there are 
twenty-one veins averaging lf feet in thickness, or from a few inchrs 
to 4 feet. These veins traverse sedimentary rocks, similar to the for- , 
mations at Yamagano, composed of soft tufas, shales, and sandstones, 
with occasional beds of hard blue quartzite. The surface is covered 
with recent pumice. Tile ore is cassit.erite in small microscopic crystals, 
and the rock is said to contain from 12 to 13 per cent. of black tin. It is 
crushed and ground between millstones and concentrated on the ·" ita" 
(panning out) to about 50 per cent. One ton of concentrates requires 
eighty days' work. The yield is stated . at about 2,500 pounds per 
month or about 13 tons annually, though according to Phillips the prod-
uct is about 8 tons annually. It was 7 tons in the year 1875. Japan 
imports considerable quantities of tin, used in the manufacture of 
bronzes. 
China a,nd central Asia.-We know very little of the production of 
tin in the interior of China and in central .Asia. It is well known, how-
ever, that there is an important tin-bearing district up the Yellow river 
in a granitic region. The principal localities are those of Laos and Yan, 
described or noticed in a report to the French Government by Fuchs and 
Saladin, and translated by Charles Smith, Institute of' Civil Engineers, 
London. See also Annales des Jlfines, 1882, ii., 185-298. .At Yan it is 
said that tin a~d salt are bartered evenly, weight for weight. In con-
sequence of the '" Black Flags," the quantity of tin annually brought 
to Ha-Noi was only 1,000 tons, instead of from 3,000 to 4,000 tons, as 
before the year 187 4. 
Mexico.-The principal locality of tin ore in Mexico of which we have 
any knowledge is in the State of Durango, in a somewhat inaccessible 
region where transportation is costly. The ore prought from there is a 
superior quality of wood tin in granules and masses from the size of 
peas and beans to nodules as large as eggs. It is washed tin ore from 
the beds of ravines, and appears to have originated in a trachytic dike 
from which it has been disintegrated. 'l'he quantity appears to be con-
siderable. It is ~ssociated with topaz in clear white crystals. Several 
attempts have been made to utilize the tin ore of this locality, hut 
~ "'fr~nS¥tione ~m,e+ic~~ !nij~~t4W <>f Mm~~ En~41.oorst Vol. V.1 ;ra1e W7, 
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hitherto without success, for various reasons. A bar ~f tin weighing 
several pounds was made from this ore by Mr. Joseph Wharton, of 
Philadelphia, 'several years ago, and in September, 1883, a ton of metal 
from thi~ region was reported as arriving in the United States. It is 
also stated that the placer ores yield a high percentage of tin, and that 
capital from Saint Louis is interested in the development of the region~ 
which is near to the famous iron mountain of Durango. 
The Tribuna, of Durango, reports that about 90 miles northwest of 
that city and 125 from the station of Villa Lerdo, on the Mexican Cen-
tral railroad, is the small town of Coneto, with about 1,000 inhabitants, 
and situated in the center of the tin region of Mexico. It bears traces 
of having been much larger in size and a very prosperous mining 
town. It lies in a gulch at the foot of a chain of mountains, called San 
Francisco, and its population derived and still derives its living chiefly 
from mining and smelting tin ores, found in the above mountains. The 
' ·san Francisco chain is one of the lateral branches of the main chain of 
the Rocky mountains, and is about 100 miles in length and 40 to 60 
miles in width. Throughout its length and width it is a series of abrupt 
peaks, rocky canons, and some occasional grassy slopes and long but 
narrow valleys. The whole of it is heavily wooded with oak and pine, 
but is almost waterless, although during the rainy season many unford-
able mountain torrents are met with there, and the grounds offer at many 
points facilities for damming, where a short dam, if built, would entrap 
an extensive reservoir or a series of reservoirs of water. Toward the 
southwestern end of this ridge is the central point of the Mexican tin 
region. Its extent is about 150 miles in length and about the same in 
width. The tin ore found there is principally brown anrl black cassi-
terite of extreme purity, and this is found either in veins which fissure 
in all directions these peaks and their slopes, or in placers, in gulches, 
and valleys at the foot of the peaks and slopes. At the foot of all 
ridges and slopes where a vein exists a placer of tin is invariably found. 
Sulphuret of tin ~as also been found, but, so far, only in one point of 
these mountains, while arseniate of tin and also very finely divided red 
oxide of tin, are met with in many of the numerous veins already tapped. 
The massive cassiterite is usually found in the vefas in continuous 
streaks of various width, the ore being, of course, easily separated from 
gangue and containing from 70 to 89 per cent. of metallic tin. The veins 
are ·very numerous, and although many of them are cut into, and some 
have been worked quite extep.sively, it is a certainty that only a small 
percentage of' them are known at present and a great many more could 
be found by judicious prospecting. 
A discovery of a vein rich in tin ore is announced in Lower California 
about 60 mile east of Real del Castillo, in the Cocopa mountains. It 
i in a r gion occupied by Indians, and ha not been ,yorked. Sample' 
ent to San Franci co and San Diego gave good results in tin. Tb(>, pay 
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streak is from 2 to 4· feet wide. (a) It is thought to be in a formation 
corresponding to that in which the Teniescal tin veins are found. 
South America.-Small quantities of tin ore and tin are annually pro· 
duced and exported from several of the · South American states. In 
1883 ~he imports into the United Kingdom from South America were : 
Imports of tin ore and tin into Great Britain from South .tbnerica in 1883. 
Tin ore. Tin. 
From-
Quantity. Value. Quantity. Value. 
-----------·-----"-' -f---1·-- -- ------
Cwts. · Long tons. 
Peru .... ............... . ....... . ................................... . .... 131 £7,098 
Chili...................................................................... 37 2,037 
.Argentine Republic. . .... . . . . . . . • . . . • . .. . • . • . .. .. . . . .. . . . • . . . . . . . . . • . . . . . . . •........ 
64'8 I £2,878 
618 2,815 
2, 630 11, 127 
The exports of tin for the same year from the United Kingdom tio 
these and other South American states were : 
Exports of tin from Great Britain to South America in ~8t33. 
To- Quantity. Value. 
, Longtons. 
~:ill:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1! 
Brazil . . . . . . . . . . . . . . . . . . . . . . . . • • • . • . • .. • • • • . . . . . . . . . .. . . . . . • . . . . • .. • • . .. • . . . . . . . . . . . . . . 81 
Y~rnt!n.; ·:aep~bii~::::::: :~:::: :::: :::::: :: :::::::: :: ::: ::: ::::::: ::::: ::: : : : :·::: :: 






Tin is a silvery-white met.al with a yellow tint. It crystallizes in 
modification of the square prism . . Its hardness is · greater than the . 
hardness of lead, and it is softer than zinc. It is not very ductile, but 
is very malleable. It may be beaten into leaves or foil o:p.ly a thousandth 
part of an inch in thickness. The specific gravity ranges from 7.28 to 
• 9.60, according to the purity. It melts at 442° F ., and at a temperature 
much above its melting point it volatilizes. Bars of tin when rubbed 
emit a metallic odor. · 
Ory of tin.-:-The" cry of tin " is the peculiar crackling sound produced 
when a rod of tin is bent back and forth. It can be distinctly heard 
when the rod is bent near the ear, and those accustomed to it judge of 
the purity of the metal by .the sound produced. 
Purity of commercial tin.-The tin of commerce generally contains a 
very small quantity of iron and lead and t,races of other metals, but 
rarely exceeding 1 per cent. of impurity. The tin ores of Cornwall 
taken from the veins yield metal which is less pure ,than that extracted 
from the ore washed out of the beds of streams. The stream tin ore is 
a D. ~- Allen, in London Mining Journal, October 11, 1884. 
2MR--40 
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less contaminated with sulphur and arsenic. The metal from the mine 
ores is commercially known as " mine tin" and that from the alluvial 
washings as " stream tin." The purest form of tin in commerce is called 
" grain tin," and the ordinary quality "block tin." The metal known 
as " crude tin" is contaminated with various other metals in small quan-
tities but sufficient to render the tin hard and difficult to fuse. · It is 
refined by liquation and by steaming, and is then called "refined 
tin." Impure tin is also known as "raw tin . " A very small amount of 
some of the metals greatly impairs the quality. Copper is not as hurt-
ful as iron or arsenic, bismuth, or antimony. One-half of 1 per cent. of 
these metals makes the tin harder and less ductile. One per cent. of 
iron makes it friable and dark in color. The purest tins are from Ma-
lacca, Banca, and Billiton. Banca tin, known in England as " old tin," 
commands the highest price. Other India tins are known as "new tin.'' 
Banca tin is sold in blocks of 40 and 120 pounds. · Malacca tin is pyram: 
idal in form and the masses weigh from one-half to 1 pound. English grain 
tin is sold in blocks 2 feet long, 1 foot broad, and 8 inches thick. Infe-
rior grades of English tin are sold in bars l}nder the name of "Japanese 
tin." '' Ball tin" is formed by pouring the metal upon a polished plate 
of copper and then rolling it into balls, which are beaten with hammers 
and are then stamped.(a) · 
'rhe United States commission for testing metals had analyses made 
of two of the finest tins obtainable, with the following results: 
Analyses of ingot tin. 
Banca. Queensland. 
Per cent. Per emt. 
Metallic iron...... . . . . • • • • •• • • . . . . . . • . 0. 035 o. 035 
Arsenic ... . ..•...•••••..•.....• • .• . __ . . __ .. _. _.. Trace. 
Lead.......... . .. . ................. . . ... ....... . 0.165 
f;;:1~~~:::::: :::::::::: :: :::::: :: : : . --gg_" ws· oi: ~: 
Insoluble in aqua regia ... ••.... . .. _. . Trace. . .. . . . .. _ .... . 
100. 013 100. 000 
Powdered tin is, as the name implies, the metal in a highly divided 
state, produced by shaking it when poured in a wooden box rubbed 
with chalk on the inside. It is used in the arts to overlay metals or 
other substances with a thin layer of tin. It is first painted on in a 
solution of glue or sizing and when dry is burnished and varnished. 
It gives a brilliant and durable surface of tin. 
Perrnanence of polished su,rface of tin.-Burnished tin and tin plates 
retain their brilliancy for a long time if kept from contact with damp 
and alt air. Roofi and domes of buildings in the interior of the coun-
try far from the . ea, covered with tin plate, retain the silvery bright-
- - - - -- -------- -------------
a These observations upon the purity of commercial brands of tin are condensed 
from the treatise of Crookes and Rohrig. 
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ness of the metal for years, and do not require painting. Brande cites 
t)le fact that burnished tin on one of the pages of a missal of the ninth 
c.entury, in Alfred's time, still retained its brilliant white luster, although 
a, thousand years had passed since it was laid upon the vellum. 
Tin /oil.-The great malleability of tin has already been mentioned. 
1 t is not only beaten~ but is rolled into foils of various degrees of' thin-
ness. The value of the metal as compared with lead has led 1o the 
iuvf:ntion by Mr. J. J. Crooke of coating the surface of lead sheets with 
a layer of tin and rolling the two metals out together. The desired 
weight and strength of the foils are thus secured without using much 
tin, the greater thickness and weight consisting of the lead upon which 
the pure tin is spread. _ Most of the beautiful foils now manufactured 
for wrapping tobacco and cigars, for capsules, for wine bottles and for 
jars, are now made in the way described. Great care should be exer-
cised to prevent the contamiuation of food by the decomposition of the 
· lead of such foils . 
.A.rgenUne.-The Engineer says the product known in commerce as 
H argentine" and which is used for printing upon cloths and paper, is a 
tin moss or sponge obtained by precipitating tin from the chloride solu-
tion -by zinc. ·The tin solution must be acid and diluted until it con-
tains 15.85 gallons of water for 150 grams of the tin salt, or in that 
ratio. The metallic sponge must be carefully coll~cted, washed, and 
dried. It is then pulverized with water in a mortar, passed through a 
:fine hair sieve, and is mixed with starch paste for printing. The 
Ohronique Industrielle says the gray pow<ler can be economically em-
ployed for tinning all metals but le.ad. 
Tinwing copper.-Tin is l~rgely used, not only for coating iron and 
mild steel sheets, but also for tinning the surface of copper. Culinary 
vessels of copper are usually tinned upon the inside to prevent the 
solution of a portion of the copper by the acids and salt of food in cook-
ing. In France, where such vessels are much used, the tin coating is 
frequently renewed. Brande gives the following directions for perform-
ing the operation: The interior of the vessel is first cleaned and the 
surface is rubbed over with sal ammoniac; the vessel is then heated, a 
little pitch [or resin] is rubbed over the surface-to be tinned, and tin is 
applied until the coating is formed. There is usually an excess of tin 
which is liable to melt off and get into the food when the vessels are 
first used. 
Disintegration of tin.-It has long b~en known that tin in pigs and 
in plates ii:, subject to a peculiar form of disaggregation, ~specially when 
exposed to extreme cold and great changes of temperature. The fol-
lowing item from the columns of the M-ining and Scientific Press, copied 
probably from a European source, gives a succinct statement of some 
of tLe observed phenomena: "The question of the real causes of the 
so-called disaggregation of tin remains still an open one. Thin sheet~ 
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of the metal will sometimes, if exposed to the cold for long periods, be 
covered with blisters, become brittle, fall to pieces and finally to powder. 
The crystalline texture assumed under the influence of cold has been 
advanced as the probable cause of this peculiarity, while Professor 
Rammelsberg suggested a dimorphism of tin based on investigations 
whicll revealed a decrease of specific gravity in the disaggregated tin, 
the common specific gravity being 7.29, and that of this modified tin 
only 7.14. A case was reported in which good commercial tin with the 
usual amount of 3 per ·cent. of lead was, during its transport from Rot-
terdam to Moscow in a very cold winteT, changed into the gray powder 
described ·by prior observers. Discussing this and other occurrences, 
it was pointfd out that continuous vibrations, such as would result 
from va1 iations of temperature, probably exerted considerable influence 
in promoting phenomena as here mentioned. The following remarkable 
occurrence, however, clearly shows that continuous concussions are not 
absolutely necessary to produce this phenomenon. IIi a corner of a 
window in Freiberg cathedral, that had been built up for a long time, 
a wooden box was found, which, when opened, not without some shak-
ing, showed the fragments of a tin medal and ring, small pieces of a 
· reddish-gray color with the surprisingly low specific gravity of 5.8. In 
this case, ::i,s in the others mentioned, a metal-with the usual brightness, 
specific gravity, and other qualities of tin was re-obt,ained simply by 
heating the gray pieces to the temperature of boiling water. At pres-
ent, attention is drawn to this phenomenon by an observation of Mr. 
W. l\farkownikoff, of Moscow. Some of the tin cans kept in a cold 
room in one of the Government buildings at Moscow showed blisters, 
then lloles, and finally fell to powder. Once set in, the process could 
n·ot be stopped by removing the cans to a warm room ; the destruction 
ceased, however, if the attacked spots were cut out. None of the cans 
in use exhibited this disaggregation. Mr. Markownikoff thinks that 
more or less rapid cooling predisposes the tin to this decay, which is 
favored by low temperatures." 
Similar phenomena have· been observed in a lot of bar tin stored iu 
Boston in the winter of 1882-'83. At the meeting of the American In -
stitute of 1\1ining Engineers in Boston, February, 1883, Prof. R. B. 
Richards exhibited bars of tin covered with blister-like protuberances 
wit.ha coar8ely crystalline structure, while the tin w~s changing from 
it malleable to a powdered condition, becoming friable, brittle, alld 
earthy in appearance. These bars were made from a lot of tin amalgam. 
After the mercury was distilled off completely, as was supposed, the re-
Inaining- fu:ed tin was poured into molds, and when cold the bars ap-
1>earea to l>e blocl tin of good quality. Two months later the bars gave 
·ign·· f falling to pieces. They changed color and assumed the condi-
tiou described. An analy ·is showed the composition of the metal to be 
a.· follow 
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The presence of mercury thus seems to have been the cause of the 
changes in the metal. It is probable th~t other cases of the decay of 
tin have been similarly produced. 
ALLOYS OF TIN. 
Alloys of tin and ~opper.-Bronze metal, formed of tin and copper, is 
the most important alloy of which tin is a component part. The ex-
treme antiquity of this alloy, and its general use before the age of iron 
for arms, ornaments, and statues by prehistoric and ancient nations, 
are·well.shown by the multitude of bronze objects gathered in the ar-
chreological museums of Europe. It is found · also that the weapons of 
Scandinavian, Celtic, Egyptian, Greek, and Roman warfare were made 
of n~arly the same alloys of copper and tin, contained in the same ratios 
as in modern gun-metal. (a) This ratio ranges froni 8 to 10 parts of tin 
in 100 of alloy. Compressed ordnance bronze of the United States is 
iormed of 10 parts of tin and 90 parts of copper. Its specific gravity is 
8.669; color, grayish yellow; tenacity in pounds per square inch, 26,860, 
a,nd its relative ductility, 18. · These results were obtained by the United 
States board for testing iron, steel, and other metals. (b) According to 
Calvert and Johnson the mean composition of 83 gunheads was 88.97 
of copper and 11.03 of tin. The composition of bronze for medals is 
generally 8 parts tin and 92 of copper. Carriage-wheel boxes are 
made of 16 parts tin and 84 of copper. A Chinese gong, according to 
Thurston, was composed of 19.57 tin and 80.43 of copper. The bells of 
Reicbenhall, three hundred years old, were made of an alloy of 20 of tin 
and 80 of copper. Another bell, six hundred years . old, was made of 
76.20 cop1>er and 23.80 tin. Swiss clock bells (b.rittle) contain 24.80 tin 
and 75.20 copper. Mirror metal contains 31. 70 tin and 68.21 copper. 
White bell metal is <;ornposecl of 40 tin and 60 copper. 
The properties of alloys vary not only with the composition, but with 
the conditions of melting, pouring, annealing, and working. The 
order in which the constituents of mixture are melted affects the prop-
erties of the alloy. Thus 90 parts tin and 10 of copper, with the ad-
dition of 10 of antimony, combined in the order stated, give an alloy 
a Mattel: "Construction of Artillery," London, 1856, pp. 80-101. 
b Prof. R. H. Thurston, chairman ; vide report on copper-tin alloys, 1879. 
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which totally differs from one formed by melting the metals in the re-
verse order. The composjtion probably is not the same. It is found 
that with some metals very slight difference of composition makes great 
changes in the physical characters and properties of an alloy. Thus, 
according to Bischoff, the injurious effects of 1 part of tin upon 10,000,000 
parts of pure zinc can be detected. One-half of 1 per cent. of lead will 
reduce the strength and ductility of bronze nearly one-half. The density 
of bronzes varies greatly with the rapidity of cooling them from .a state 
of fusion: Riche found, contrary to the received statement, that temper-
ing bronze increases rather than diminishes its density. The reverse 
is the case with steel. Plunging the metal while hot into cold water, 
which hardens steel, softens copper and its alloys with tin. Hammer-
ing also acts differently upon bronze and on steel. In making Oriental 
.tam-tams and cymbals the metal is rapidly hammered while hot. At-
tempts to make such.instruments in Europe with Ohmese metal have been 
unsuccessful. Riche also states that bronzes c<;mtaining from 2 to 4 per 
cent. of tin are not much harder than copper. Analyses of antique medals 
of bronze show that the amount of tin varies from 1 to 25 per cent. The 
hardness of bronze is the great objection to its use for medals when high 
reliefs are desired, as in the medals of the present ti'me. Ancient medals 
are not in such high relief. The hardness of bron~e increases rapidly 
with the amount of tin. 
Alloys of tin and copper are known to resist oxidation better than 
the component metals singly. The durability of ancient bronzes ex-
posed to the weather is well known. Nitric acid acts with less energy 
upon bronze than upon pure copper, but the conservative influence of 
the tin diminishes as its quantity in the alloy increases. An alloy of 
tin and lead in the ratio of 3 of lead and 1 of tin is, on the other hand, 
much more oxidizable than the component metals. When heated to red-
ness it takes fire and burns. 
Alloys of tin for bearings of machinery.~Alloys of tin with copper, 
lea<l, antimony, and zinc have been made in great variety for journal 
boxe. - the bearings of machinery. Phosphorus has also been added 
to copper and tin alloys for journal bearings.( a) It is claimed that an 
alloy of tin, zinc, copper, and antimony heats very little by· frictirn.(b) 
White-metal alloys for rnachin·ery, with alloys fusible at specified 
temperature, are described in Van Nostrand's Magazine, 1869, page 173. 
For crank and conne~ting-rod bearing:,:; the following compositions are 
giv n: 90 tin, 8 antimony, 2 copper; for pivots, slide valves, etc., 78.5 
tin, 11.5 antimony, 10 copper; for locomotives (Swiss), 80 tin, 10 anti-
mnny, 10 copper. 
Properties of copper, zinc, and Un alloys.-As the result of elaborate 
xp rim ntal trials and tudie of the properties of copper, zinc, and 
a Dick: ImproYement in alloys copper for journal bearings. U. S. patent, April 
J, 1 2, TO, l::!~,,!i49, 
b Dunlevie: Dingler's Jwrnal, No. 177, 1865, pp. 326, 327. 
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tin alloys, Professor · Thurston finds that the alloys of the maximum 
strength are grouped about a point not far from copper 55, zinc 43, tin 
2, as shown upon a triangular model in which the different degrees of 
strength are shown by different degrees of relief or elevation above a 
common base. The point of maximum strength is encircled by a line 
marking 65,000 pounds per squ~re inch tenacity. This is the strongest 
of the bronzes, and Professor Thurston says that an alloy of this com 
position, if exactly proportioned, well melted, IJer~ectly fluxed, and so 
poured .as to produce a sound and pure metallic alloy, with such prompt 
cooling as shall prevent liquation, is the strongest bronze that can be 
made. . 
Naval brass.-An alloy called ''naval brass" has been introduced in 
ships of the Royal Navy, to take the place of the Muntz metal, 
which was frequently found to decomp·ose under the action of sea 
water. Bolts which appeared to be perfect on the surface were found 
to be decayed in the interior, as if permeated by sea. water. Accord-
ing to the E'l',,gineer, in the latter part of the year 1879 an alloy "com-
posed of 62 parts of copper, 37 of spelter, and 1 of tin, was proposed 
by Mr. Farquharson, as possessing the requisite mechanical properties. 
The Admiralty thereupon referred the question as to the endurance of 
such metal to Dr. Percy, of the Royal School of Mines, in conjunction 
with Mr. Farquharson. These gentlemen, after subjecting an alloy of 
this description to severe tests, under which the Muntz metal com-
pletely failed, reported to the Admiralty in 1879 that the new compound 
had stood the tests satisfactorily. Accordingly it was adopted as the 
service alloy, under the title of' naval brass.' The process of manufact-
ure is th~ same as for yellow or Muntz metal. To insure the best re-
sults, Australian or English B. S. copper · should 'be used, and the pro-
portions of metal stated above closely adhered to, due allowance being 
made for the loss of zinc in the process of melting. When :finished cold, 
and left uriannealed in rods and sheets of moderate thickness, the metal 
has a tensile strength of from 67,000 to 72,000 pounds per squa~e inch, 
according to the amo.unt of _rolling it has received. Bolts of any size 
can be made of it, the usual practice being to take a rod the size of the 
bolt required, and to form the head by upsetting in a die. This is done 
without stress. or injury to the metal, in ~ bolt or rivet-making machine 
with heads two diameters of the bolt." 
Tin and iron alloy.-.A. very small quantity of tin is injurious to iron. 
Karsten found that 1 per cent. of tin added to iron made the iron ex-
tremely brittle when cold, but not when hot, for the iron could be forged 
but gave out white vapors which condensed on the anvil. Mr. Billings, 
who has made special' experiments with alloys of tin and iron, finds 
that an almost insignificant quantity of tiu, in the absence of other met- · 
als, renders iron cold short, and that it has a most hurtful effect. (a) 
a" Transactions American Institute of Mining Engineers," Vol. V., page 450. 
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Argasoid.-A new alloy, called "argasoid," is described by Mr. V. 
J euptner of Vienna and bas been used as a substitute for silver. Its 
composition is tin, ~.035; lead, 3.544; copper, 55. 780; ni~kel, 13.506; 
zinc, 23.198; iron, trace, 
Tin and lead.-Tbe well known alloy called pewter consists of tin and 
lead, and the proportions vary with different manufacturers. The p~w-
ter of beer mugs is made · of 20 parts of tin and 1 of copper, with 
addition of lead, zinc, ·bismuth, or antimony, according to the recipes 
and fancies of the makers. Soft solder is a compound of tin, lead, and 
bismuth. Riche has found that the maximum of contraction of an alloy 
of tin and lead corresponds exactly to the alloy SnPb, and he regards 
this alloy as a distinct chemical compound. With tin and bismuth the 
max"immn of contraction is found in the alloy BiSn5, which alloy is sil-
very white and is not attacked by distilled water. 
Britannia metal.-This is an alloy formed chiefly of tin and antiIJ?-ony, 
with some copi)ei'. The proportions vary, but the following is common: 
Take 350 pounds of the best block tin, melt it and raise it to a dull red 
heat; add 8 pounds of melted copper, stirring to effect a complete mixt·· 
nre, and 28 pounds Qf antimony and 8 pounds- of brass, also in a melted 
Rtate. A large quantity of tin is consumed annually in making tb_;_s 
alloy. 
Terne-plate alloy.-Tin is alloyed with lead for the manufacture ol 
'' terne plates," the alloy being cheaper than pure tin for coating the 
iron. 8uch plates are far inferior to tinned iron in durability, and be-
sides are v·ery dangerous if made up into culinary vessels, or if used for 
canning fruits or vegetables. At one of the meetings of the California 
Academy of Sciences, Dr. Henry Gibbons, sr., exhibited some sheets of 
pure and adulterated tin, such as are used for canning vegetables, etc. 
He suggested that probably cases of poisoning which had been reported, 
where people bad eaten vegetables, fruit, etc., from tins, were due to 
tlrn lead used wnh the tin to cheapen it. Acids developed by fermen-
tation, acting on the lead adulteration, take up lead, arsenic, and anti-
mony from impurities in the lead and tin alloy. Salts of lead are all 
more or less poisonous, and produce colic. It has, unfortunately, be-
come too common to adulterate pure tin with lead, to cheapen its cost 
iu making cans. Asparagus packed in cans made of such impure tin 
has been found to contain a little tin and considerable lead, and similar 
re ults ha,e been obtained by the !lnalyses of acid fruits packed in cans. 
The salt of lead are much more poisonous and are more soluble tban 
tin salts, and the use of adultera,ted tin plates should be carefuliy 
avoided in making cans in which food is to be packed. 
Tin pretended to be extracted from iron slag.-Tbe faith and hopes of 
alch my of the Middle Ages do not appear to ha.ve been entirely extin-
ruis ed by mod~rn cience. At lea t the credulity of mankind is eYer 
ready t eize upon hort roads to wealth by the suppo ed po sible 
tran mutation of metal . Thi ignorant credulity was utilized during 
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, the past year by persons in New York who pretended to be able to ex-
tract large quantities of a white metal from blast-furnace slag, by intro-
ducing a small quantity of a powder in~o a crucible containing the 
mel~ed slag. It is surpr_isiug that such a transparent hoax should have 
received so much consideration. 
Oxide of tin.-" Putty powder," or '' putty of tin," as known in the 
arts, is used chiefly to give the highest polish t9 glass after cutting. 
Considerable quantities have been imported into the United States, as 
shown in a subsequent table. · 
THE TIN-PLATE INDUSTRY. 
The manufacture of tinned-iron plates appears to have originated in 
Bohemia several years before 1620. In that year the manufacture was 
commenced in Saxony, and from Saxony the industry was introduced 
into England in 1670, but did not become firmly established untiJ the 
reign of George I., in 1720.(a) The process of tinning small articles of 
iron and copper was known long before either of these dates. Pliny says 
that tin-coated vessels were scarcely to be distinguished from silver. (b) 
It is not known whether the vasa stannea of the Latin authors were 
formed of cast tin or of tinned bronze. 
Great Britain.-Very few tin plates were imported into England after 
17 40. The manufacture of tinned plates was continued and developed 
chiefly in Monmouthshire, and at the present time the chief centers of 
production in Great Britain are in South Wales, Monmouthshire, Staf-
fordshire, and Worcestershire. Mr. Ernest Trubshaw, in a paper read 
before the Iron and Steel Institute of Great Britain, at London, in May, 
1883, says that the tin-plate industry at the present time consumes an-
nually nearly 500,000 tons of pig iron, probably 1,000,000 tons of coal, 
about 10,000 tons of tin, and large quantities of sulphuric acid, palm 
oil, and lead. Large quantities of sulphur, for making the_ sulphuric 
acid, are imported chiefly from Sicily, but a large supply is obtained by 
Messrs. Vivian & Sons from the waste gases of . their copper-smelting 
works. Mr. Trubshaw's statistical figures, showing the extension of the 
trade since 1858, are as follows : 
In the United Kingdom, according to the returns of Her Majesty's 
inspectors of factories, there were in 1883 in Carmarthenshire alone 
68 mills for making tin plates, 49 of which were working, and produced 
.for that year 1,076,354 boxes of tin plates, 155,713 boxes of terne plates, 
and 62,618 boxes of black plates, a total weight of 68,608 tons. The 
summary for the whole kingdom gives 386 mills, of which 295 were 
working, and produced 4,789,115 boxes of tin plates,. 964,180 boxes of 
terne plates, 361,905 boxes of black plates; total, 6,115,200 boxes, weigh-
ing 315,997 tons. These figures show the magnitude of the tin-plate 
industry of Great Britain. The exports of tin plates and terne plates, 
aP. W. Flower: "History of Tin Plates," page 37. b Ibid., page 24. 
634 MINERAL RESOURCES. 
as shown by the Board of Trade returns, have been as follows since 
1862: 
Exports of tin plates and terne plates from Great Britain. 
United British Austra-
Other 
Years. France. North coun- Total. States. America. lia. tries. 
------
Owts. Owts. Owra. Owts. Owts. Cwra. 
1862 .......••••....•.........•... . ..... . 44,611 590,827 32,306 18,736 314,957 1,001,437 
1863 ........ .. ....•.•. ········•··· ....•• 51,974 669,188 40,708 21, 873 332,184 1,115,927 
1864 .. .••... . .••.••••..•••••............ 50,018 535,590 36,091 19,060 362,810 1,003,569 
1865 ...... ···••• .•••.•. ., ••...••••.•.•.. 55,506 845,263 21,921 17,461 314,216 1,254,367 
1866 .............•....•..•••.......... . . 33,582 1,076,778 47,610 15,397 246,206 1,419,573 
1867 ..... .' .•.•.. ···•·•··•••· .•• • •. ··••·· 60,027 1,060,224 46,959 26,790 385,692 1,579,692 
1868 .... .. . ............•••••.•.•••..•.•. 38,343 1,250,909 48,188 42,554 388,144 1, 76~. 128 
1869 .............•••.•.••••.••.•••..••.. 37,826 1,472,445 55,781 41,680 326,302 1,934,034 
1870 ........••••..•••• .' .....••.•........ 25,158 1,507,463 59,648 62,728 346,588 2,001,575 
1871. ........•••.•...•.•.•••.•.•....••. . 42,460 1,738,580 84,000 102,820 424,240 2,392,100 
1872 .........•.........••••..•.....•..• . 66,840 1,747,200 80,060 101,880 365,680 2,301,660 
1873. ··· ······· ··•·· .•.•.....•••.... . ... 78,820 1,710,620 66,860 86,520 466,540 2,409,360 
1874 .......•.....••...•........•........ 46,660 1,828,140 70,240 51,880 462,280 2,459,200 
1875 ...... ·····•······ ··· •• · ..•..... . ... 63,720 1,919,900 82,680 63,840 637,120 2,767,260 
1876 ...•... ··-· .• . .......•.•............ 114,660 1,804,640 88,980 78,760 560,909 2,647,940 
1877 ....•. ·-· ··· .........•.....•........ 104,440 2,131,860 181,200 87,060 559,960 3,064,520 
1878 ... .......... ......... .... ..... ..... 107,660 2,162,480 .i08, 940 73,940 648,400 3,101,420 
1879 .. .........••..•.••...•.......... ... 108,980 3,115,900 !17, 300 48,500 566,300 3,956,980 
1880 .......... ··.·•····· •··• · ...•.•. ..• .. 84,380 3,283, 340 208,000 89,260 691,320 4,354,360 
1881. .....•.•... . •.. .. .... ······. _ ..... 111,440 3,594,880 234,940 165,780 741,920 4,848,960 
1882 .........•.•• ... ....•. .. ............ 81,180 4,291,040 173,200 117,420 637,580 5,300,420 
1883 . ......•..•.... ······· .••..•... . .•.. 76,140 4,254,480 248,040 104,480 704,200 5,387,340 
1884 ..... ······••· .............. ..... .• . 92,600 4,237,200 322,300 121,160 1,000,900 5,774,160 
Average prices of tin per ton and tin plates per box at Liverpool. 
Years. Coke tin Tin. Years. Coke tin Tin. plates. plates. 
8. d. £ 8, d. 8, d. £ 8, d. 
1865 .•.•••...•.•........ 21 10½ 91 10 JO 1875 . .... ·•••••········ 22 11 84 11 8 
]866 ..•............ ... •. 23 6½ 80 11 8 1876 ......••••••....... 19 3¾ 74 7 1 
1867 ........•......•.... 22 7½ 87 7 6 1877 ···••· . ......•. .• •. 17 6¾ 69 5 5 
1868 . ............. •..... 20 11½ 93 9 2 1878 ·· ···· ·· ·· ··· ···· · · 14 9 61 4 2 1869 .... ............•... 21 10½ 125 8 4 1879 ................ ••. 17 3½ 71 13 4 
1870 ······ ············ · · 21 11½ 125 10 0 1880 ............. ···•·. 19 1¼ 86 5 5 
1871 ..•. . ......... ·•···· 23 7 133 2 6 1881 ············ .. ...•. 15 4¼ 92 8 4 
1872 .......•............ 34 8 144 18 4 1882 ... . ............... 15 11½ 102 13 4 
1873 . ....... •. . .... ..... 31 3 132 17 6 1883 ...... . .. . .••...••. 15 11½ 92 17 3 
1874 ..•.......•......... 27 3 97 11 8 1884 . .. . . . . • •• ·····-··· 14 10 81 5 0 
The average price of coke tin plates in the ten years, 1875-1884, was 
17s. 3id,, while that of charcoal tin plates during the same period was 
21s. 10ia. 
United States.-A company called the United States Tin Plate Com-
pany was organized in 187 4 for the purpose of manufacturing tin 
plate in the United StateR. Very little plate was made and the effort 
wa soon abandoned. According to the Age of Steel (1883), "there were 
no tin plat s produced in the United States, and the same is true for 
1 4, although there were nine rolling mills altogether having facilities 
for making them, namely, the Leechburg Iron and Tin Plate Work , 
Le chbur 0 ·, P nn ylvania; the Granite Iron Rolling Mills, Saint Loni , 
[i ouri; the United States Iron and Tin Plate Works, McKeesport, 
enn . lvania; the Apollo Iron Works, Apollo, Pennsylvania; the Bay 
State Iron Company, Boston, Massachusetts ; Marshall Bros. & Co., 
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Philadelphia; Alan Wood & Co., Conshohocken, Pennsylvania ; the 
Cannonsburg Iron Works, Cannonsburg,Pennsylvania; the Wellsville 
Plate and Sheet Iron Company, Wellsville, Ohio. The three :first named 
have complete tinniug departments connected with the works, and the 
remainder have all the facilities for making tin plate or tinned iron, ex-
cept the tinning bath. 
Parties interested in the manufacture of tin plate have organized a 
Tin Plate Association, tb'e object of which .is to introduce, foster, and de-
velop the tin plate industry in the United States. 
Dur~ng the year 1884 there has been an animated discussion in. some 
of the leading industrial journals upon the feasibility of establishing 
a profitable tin plate industry in the United States. With foreign tin 
nearly as cheap in New York as in Liverpool, the possession of all the 
needed materials is conceded by both sides; the obstacle appears to be 
tbe greater cost of labor in the United States than in Wales and Eng-
land. The amount of tin plates imported in 1870 is stated at 75,467 
sliort tons, which had incre~sed to oyer 240,000 tons in 1883. This 
amount of tin plate is claimed to represent in wages an amount equal , 
to that which is necessary to produce 1,000,000 tons of steel rails. _(a) 
The discovery of a tin-bearing region in the Black Hills, Dakota, from 
which a supply of tin of domestic production may be obtained, gives 
additional interest and importance to this discussion. 
There are no official records or statistics of the quantity of tin and 
terne plates made in the United States between the years 1872 and 
1878. There were four different works built for the purpose of man-
ufacturing tin plates, at Wellsville (Ohio), Leechburg, Apollo, and 
Demmler (Pennsylvania). Of the four establishments only three made 
tin plates. Sheet iron was made at the Apollo works, and these sheets 
were tinned by General Charles C. Dodge, of New York City. Tin 
plates were made at the works in Wells ville, Ohio, in 1873 and 187 4, 
aud at the Leechburg works in 1874, 1875, and 1876, and at Demmler 
up to 1878. In 1872 the price of ordinary I C coke plates, 14 by 20 
inches, 112 sheets, was about $14 per box. In October, 1878, the price 
quoted for the same brand was $5.18 per box. The price steadily de-
clined from 1872 to 1878, when the price was so low that the American 
manufacturers could not meet it, and the manufacture in t;he United 
States was discontinued, and has not been resumed. 
QuanUty of Nn on tin plates.-According to a correspon.dent of the 
Briti~h Irormwnger, the patent rolling processes distribute the tin more 
evenly over the sheet, and make it thinner than formerly, when the old-
fashion~d methods were used. It is said, too, that with ordinary coke 
plates makers seem to vie with each other in making sheets with as lit-
tle metal on them as is possible. A few years ago but few coke tin 
plates were made with less than 7 pounds of tin to the box; now we 
a John Jarrett, in the Iron Age, July, 1884. 
636 MINERAL RESOURCES. 
hear of as little as 2½ pounds of tin to 100 pounds of iron. Another 
writer in 1884 (a) says that the amount of tin used in coating plates is 
very irregular. The average for a box of I C coke plates, 14 by ~O 
inches, 112 sheets, weighing 108 pounds, is 3½ pounds; but as low as 
2! pounds are said to be sometimes used. The same is true for ehar-
coal plates; 5 pounds are considered to be the average weigllt of tin 
required to coat a box of tin p1ate~, but as low as 31 pounds,can be n~ed 
and be accepted. 
N(}w method of coating plates.-The Engineer describes a new process 
in tin-plate mµ,king, which consists in operating by mechanical _means 
upon the shteets of metal emerging from the bath in w,hich they are 
coated so as to dispense with "the wash-pot or brushing over," and to 
yield covered sheets free from scur:tI and imperfections, and with a bet-
ter finish than is otherwise given. This is accomplished by causing 
the sheets as they emerge from the bath to be guided by rollers, cov-
ered with molten grease so as to avoid exposure to the air, between . 
washing rollers kept covered with molteu• metal. The washing rollers 
do not be;::i,r on the sheet, but are so closely adjusted as to wasli off the 
scum and refuse on its surface. On leaviug the washing rollers the 
plate, still passing- through a. bath of grease to prevent exposure, is 
passed through finishing rolle~s to remove the excess of metal, and 
finally through a pair of improving rollers which bear against each 
other by means of springs, and thus lightly nipping the sheet between 
them impart a smooth surfam~ and finish to the metallic covered sheet. 
Cleaning plates by gas.-It seems probable that the newly discovered 
process, at Pittsburgh, of cleaning sh~et iron or steel plates by pass-
ing a stream of natural gas over and amongst them while at a red 
heat, packed in a suitable case or box, will be found applicable to the 
preparation of plates for the tinning bath. It is said that by this pro-
cess all traces of scale and oxide are removed and that the plates come 
out of the gas bath perfectly clean and bright. This method certainly 
promises great advantages over the old method of pickling in acid solu-
tions .by which ~be plates are partly corroded and require careful clean-
ing to remove acid. 
Mild steel plates for tinning.-Until within the past few years charcoal 
or coke iron bars were considered as the _only kind of iron suitable for 
making the plates for tinning. At present soft steel or ingot-iron bars 
are largely ~ubstituted for charcoal iron. It is claimed that plates made 
from steel work as well as those made from charcoal iron, and that the;v-
are cheaper. Both Siemens-Martin and tire Clapp & Griffiths steel have 
be"n ucce fully used. Mr. Ernest Trubshaw (b) states that bar for 
tin plate have been made with considerable success by the Bes emer 
aJohn Jarrett, in the Iron !tlge, July, 18 4. 
b "On th Tin Plate Manufacture," a paper read before the Iron and Steel Insti-
tut , London, May, 1 3. 
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process, and that he has made plates from bars produced by the Thomas-
Gilchrist basic process which have stood the stamping tests fairly well. 
Some tin-plate manufacturers have erected, and others are erecting, 
their ow.Q. steel-making plant. Tinned steel-plates are already well 
known in the trade. 
Terne plates.-The word terne, in French sig·nifying dull, is applied 
to plates coated with an alloy of tin and lead. This alloy is cheaper 
than tin, and the product is also cheaper, and is used generally for pur-
poses wber~ the best quality of tinned plates is not required; as, for ex-
ample, in packing cases for the protection of valuable goods from damp-
ness and water. Experimeuts are now (1884) making in Pittsburgh in 
the manufacture of sheet iron plates coated with lead alone, to be used 
for various purposes where a tin surface is not requisite. Further ob-
servations upon terne alloy wm be found under the head of ''Alloys of 
Tin." 
PRICES. 
Tin is a metal which seems well adapted to the purposes of specula-
tors. It is a favorite commodity for speculation, and the course of the 
market is not to l>e taken as an index to the demand for the metal for 
actual consumption. Tin has sold as low as 13 cents and as high as 40 
cents per pound. Quotations are g_enerally made in the English pound 
sterling and fractions, to which for the port of New York the insurance 
and freight is to be added. As to the actual cost of producing tin in 
the East Indies by Chinese and convict labor, there is very ·little relia-
ble information. It is said that at $4: 7 Chinese can make a profit of $10 
per picul. When tin falls to $37 per P,icul the production is still main-
tained, and it is an unanswered question as to how much lower the 
price of tin might fall without stopping work. Very little Australian 
tin reaches New York, but the quantity is increasing. Straits tin and 
.tin from Malacca are preferred in the United States. Banca tin is 
produced by convict labor. 
The price of tin for the year 1884 bas been on the whole declining. 
From quotations of £81 10.8. for Straits tin in London, in September, 
it receded to £72 15s. in October. This fall in price was attributed to 
the lessening of the demand for tin in Uhina, consequent upon the war, 
and the absence of speculation. At the end of the year the price had 
advanced to £7410s. for spot, and May I, 1885~ to £7910s. Production, 
however, has continued unabated, there beh1g evidently a wide margin 
of profit to the producer, eYen at tlte loweHt prices reached. On the 
other hand, it is stated that tbe low prices entailed serious losses upon 
many of the Cornish mines, and that they have led to great depression. 
The following ·tables show ~he range of prices for each month for the 
years 1883 and 1884, in the New York market, not only for block tin 
but for tin plates of various grades. These statistics have been care-
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fully obtained by Messrs. W. I. Russell & Co., and are printed in the 
annual number of the American Metal Market: 
Highest and lowest prices of tin plates and bar tin at New York in 1883 ar1d 1884 . 
.January. February. March . April. May. .Tnne. 
Grades. i ..,; ~ ~ t 
..,; ..; .,al ~ ..; a2 ~ ..; <D 
rLJ 
rLJ CD CD a2 CD CD 
a2 CD CD 
~ 
CD ..d al .<:I CD '§i 
Cl) ..d al .<:I ~ ~ bl) . ~ bl) ~ ~ bl) ~ bl) 
~ 
0 ~ 0 ~ 
0 ~ ~ 
0 ~ 
0 
H H H H H H ------
Tin tates, Melyn grade, 
I . ). charcoal: 5.90 1884 ........ ... ....... O¼ 6k 6¼ 5i 6¼ 5i 6k 5i 6.10 5! 6.10 
1883 ................•. 6½ 6½ 6½ {ii {ii 6.35 {ii 6. 35 {ii {ii 6i 6i 
Tin plates, Allaway's 
grade, charcoal : 
5. 35 5. 20 1884 .................. 5½ 5.45 5.45 5.35 s-a 5.30 5i 5.30 5tt 5. 30 
1883 .... · - ....... . .... 6.15 5. 95 5. 95 5i 5i 5.82½ 5i 5.80 5. 80 5¾ 5! 5. 70 
Tin plates, Dean grade, 
roofinµ;: 
5 1884 ...... ·· · - .•...... 5. 20 5.15 5.15 5 5.05 5 5. 05 5 5. 05 5 5 
1883 5½ 5.35 5.35 5.30 5¼ 5.22½ 5.30 5¼ 5.35 5. 30 5. 40 5.32½ 
Tin plat~~-. B ·v ·g~~d~~. 
coke: 
1884 ..... ..•.. . .. ... • . 4.85 4i 4¾ 4.60 4¾ 4. 60 4. 85 4! 4.80 4. 70 4.80 4. 70 
1883 . .. 5.30 5.15 5.15 5.10 5k 5 5k 5 5k 4.10 5.15 5.10 Tin-Strait;:· . -.....••... 
1884 ..... ..•.......... 19¼c. 17. 90c 18ic. 17fc. 18!c, 17tc. 19¼c. lS§c. 19ijc. 18iC- 19ic. 18. 55c 
1883 ...... ·•·····•••·• 21½ 21 21 20¾ 22 20! 21{ 21 21{ 21 21½ 20! 
.July. August. September. October. November, I December . 
Grades. ~ .,al ..,; ..,; ~ ~ ~ .p I ..,; ~ a2 ..,; ~ <D al <D al a2 al a2 CD al <D al (I) 
'§i CD '§i al .<:I CD .<:I CD ..d 
CD 
~ ~ ~ bl) ~ t,,() ~ bl) ~ ~ 
~ 
0 
~ 0 ~ 0 ~ 
0 ~ 0 ~ 
0 
H H H H H H 
------------------
Tin plates, Melyn grade, 
L C. charcoal: 
1884 ........ .... ...... 6 5! 5i 5! 5i 5! 5! 5i 5. 70 5i 5. 70 5.65 
1883 . ............ .. .. 6i {ii 6ji 6¼ 6. 30 6¼ 6.30 6¼ 6. 30 6¼ 6¼ 6¼ 
Tin ciElates, .A.llaway's 
gra e, cbo.rcoal: 
1884 ..............•... 5¼ 5.15 5.35 5.15 5.20 5k 5.15 5 5.15 5. 05 5.10 5. 00 
1883 . .. -- .....•....... 6. 70 5.60 5.65 5.6Q 5i 5.55 5.55 5. 60 5.60 5½ 5. 55 5.45 
'l'in plates, D ean grade, 
roofing: 
1884 ..•......•...••... 5 4i 4. 90 4. 80 4{ 4¾ 4. 70 4.65 4. 65 4. 60 4. 57½ 4.50 
1883 .. . ...•• ..•....... 5.85 5.30 5.35 5¼ 5.30 5¼ 5¼ 5. 20 5¼ 5. 20 5¼ 5.15 
Tin plates, B V grade, 
coke: 
1884 .••..•.••.•.....•. 4. 95 4. 80 4.90 4.82½ 4. 82½ 4! 4! 4.55 4. 70 4. 55 4. 50 4.50 
1883 .•.•.... ........•. 5.10 5. 05 5. 07½ 5 5g 5. O~½ 5g 5. 05 5. 10 5 5. 05 4. 85 
Tin-Straits : 
1884 ......•........... Jt. 18. 70c 19ftc. 18. 15c 18. 20c 17. 95c 17¾c. 16¼c. 16ic }5½c. 16tC- ]6.100 1883 . ~ ..........•...•. 21 21b 21i 21 21k 21 121¼ 20g 20i 19 19 18½ 
The following statistics of tin for 1884 as compared with previous 
years are compiled from Messrs. Wm. I. Russell & Oo.'s Tin Circular, 
Decem-ber 31, 1884: Spot stocks in New York, Boston, and Philadel-
phia, 1,930 tons·; afloat as known, 850 tons. Consumption in the United 
State in 1 84, 10,100 ton , as compared with 12,000 tons in 1883, J0,200 
t•n in 1882, 8,750 ton in 1881, 11,400 tons in 1880, 7,500 tons in 1879 
and 4,800 ton in 1878. Total visible supply and market prices on De-
cember 31, a compared with same date in previous years: 
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New York tin quotations at close of each of the past jive years. 
December December December December December 
31, 1884. 31, 1883. 31, 1882. 31, 1881. 31, 1880. 















Straits ....................... cents.. 16¼ 19! 
Billiton ....................... do. , . . . . . . . . . . . . . . 19½ 
Banca ......................... do.... 19 21½ 
.Australian .................... do.... 16.45 19j 
Englishre:fined ...... . ......... do.... ............ 20 
English L. and F ............. do... . 17 20 
The following table shows the ayerage prices realized at the Banca 
and Billiton sales in 1883 and 1884: 
Quotations of Banca and Billiton tin in 1883 and 1884. 
Banca. Billiton. 
Months. 
1883. 1884. 1883. 1884. 
' 
IMPORTS AND EXPORTS. 
1'in imported and entered for consumption in the United States, 1867 to 1884 inc~usive. 
In blocks, bars or pigs, and In plates, sheets, etc. grain tin. 
Fiscal years ending Total value June 30-
Quantity. Value. Quantity. Value. 
Owti. Owts. 
1867 .. ..... ... ....•.. ----···------ -·· $1, 210, 354. 02 ·--------·--·-·· $6, 276, 136. 78 $7, 486, 490. 80 
1868 ................. ........................ 1, 454, 327. 36 . ....................... 6, 893, 072. 07 8, 347, 399. 43 
1869 . ·-···· .........• 80,811 1, 709, 385. 00 1,534,324 8, 565, 432. 56 10,274,817.56 
1870 . .. ....... . ······ 81,702 2, 042, 887. 71 ], 333,150 7, 628, ·an. 51 9, 671, 759. 22 
1871. ······ .... ...... 106,595 2, 938, 409. 82 1,556,023 9, 490, 778. 64 12, 429, 188. 46 
1872. -··············· 102,006 3, 033, 837. 45 1,617,627 10, 736, 906. 59 13,770,744.04 
1873 ········ ....•. ... 130,469 3, 938, 032. 25 1,854,956 15, 906, 446. 82 19, 8"44, 479. 07 
1874 ...•. ... ......•.. 116,442 3, 199, 807. 07 1,553,860 13, 322, 976. 14 16, 522, 783. 21 
1875 .........•.....•. 102,904 2, 329, 487. 96 1,540,600 12,557,630.75 14, 887, 118. 71 
1876 .... 93,176 1, 816, 506. 00 1,767,210 10, 226, 802. 87 12, 043, 308. 87 
1877 ..... :: :: :::::::: 98,209 1, 783, 763. 00 1,984,893 9,818,069.69 11, 601, 834. 69 
1878 ..............•.. 128,849 2, 167, 350. 00 2,166,489 9, 893, 639. 61 12, 060, 989. 61 
1879 ....••...•......• 142,927 2, 301, 944. 00 2,487,007 10, 248, 720. 34 12, 550, 664. 34 
1880 . -·-· .......... ·- 290,007 6, 153, 005. 68 8,298,534 16, 524, 590. 19 22, 677, 595. 87 
1881 . .............. .. 171,146 3, 971, 756. 67 3,366,720 14,641,057.87 18, 612, 814. 54 
18B2 . ···-·- ··· -·· ..• . 197,544 5, 204,251.68 8,926,311 16,550,834.64 21, 755, 086. 32 
1883 . ...... ..... ..... 237,348 6, 106, 250. 37 4,051,108 16, 688, 276. 67 22, 794, 527. 04 
1884 ··········· ····· · a26, 031, 992 5, 429, 184. 01 a527, 881,321 18, 931, 072. 70 24, 360, 256. 71 
a Pounds. 
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Value of tin manufactures exported from the United States. (a) 
Fiscal years ending 
September 30, un. 
til 1842, and June 
30 since. 
1826 .•......... . . .•.... 
1827 .•.......••........ 
1828 ...... ············· 
1829 .............• .. •.. 
1830 ...... ····•· .•... .. 
1831 .... . ....... . .•.... 
1832 ..........•...•.... 
1833 .................. . 
1834 ...... ······ ·••••·. 
1835 ..•... ············· 
1836 ........... ········ 
1837 ................ . . . 
1838 . ...... ····· ...... . 
1839 ...... ············. 
1840 ............ ···•··· 
1841 .................. . 
1842 .................. . 
1843 (nine months) .••.. 
1844 .... . ·······•·•···· 






















Fiscal years ending 
Ju.ne30- I 
1846 ....•. . ........ ... 
1847 ····· ···•······••· 




1853 ······••·•·· ..•... 
1854 .••....••• ..•••••• 
1855 .•......•••. ·'····· 
1856 .........•.•..••.. 
1857 ·•••••·••······•·· 
1858 ·········· .•...••. 
1859 ········•········· 
1860 •······•••·••·•··· 
1861 .........••. ······ 
1862 ..•... ·••····••••· 
1863 ..•. ······ ······· · 























Fiscal years ending 
June30-
1866 ·•••·· ·•····•···•· 
1867 ·•••·• ·••··· ••••.. 
1868 •••.•..•..••••.••. 
1869 ••••••·••··••··••· 
1870 ••••••·••••• •••.•• 
1871 ••••.•.•••.••..••. 
1872 ·•••••·····•••••• 
1873 ..•••• .....••...•. 
1874 ·••••· ••••••.• ~ •.. 
1875 ·••••• .....••...•. 
1876 ···•·•·•·•···••••· 
1877 •..•••. ···•····•·· 
1878 ···•··••••·••••••· 
1879 ·•·•·•·••···••••·· 
1880 ...• •. • .... · .· ...•.. 
:i.881 ...... ·········•·· 
1882 ...•.........••... 
1883 ..••...... : •. ...•. 
1884 .•.•.. ·····••·••·· 





















Oxide of tin irnported and entered for consumption in the United States, 1869 to 1883, in-
clusive. (b) 
Fiscal years ending June 30- Value. 
1869 .......... .. . ·······•·•···••··········· $1,524 
1870...... .••• •. ••.•.. ..•. •. ..•... .•• . . . . . . 2,958 
1871 ...• .•.... · • . . . • . . . . . . . . . . . • . . . . . . . . . . . 3, 061 
1872 . . . • . . . • . • . . . • • • . . . • . • • . . . . • • . . . . . . . . . . 18, 414 
1873 .........••. ······ ······. ·····•··· .. .. . 1,475 
1874 .••....•.•••.•.•.. ·•··••· .... .. . . . . . ... 4,962 
1875. .. ... •• • . . . •••••. •• . .• •. • . . . •••• •• . . . . 14,838 
1876 .. ········· .................. ·········· 3,484 
Fiscal years ending June 30-
1877 ......•...•• · .•......•..••...••.•...... 
1878 ......... .••.••....•.•.•• •. ..••••.•••. 
1879 ......•.•..•.•••.•.•••••....••••••.... 
1880 .•••.•.....••••••••.•••••• •••••••••••• 
1881. •••.. ·•·••• .••.. ·-···· ·-···· •• ···-···· 
1882 .....• ·••••• .••••. ·····-···· •••••• ..•. 
1883 .....••••••••••••••• •••·•••••••••••••• 










BY W. P. BLAKE. 
Antimony is a tin-white volatile metal, which at ordinary tempera-
tures is very brittle and may be reduced to powder. Its hardness is a 
little greater than that of calcite, and its specific gravity is about 6.5. 
It occurs sparingly in the native or metallic state, but the principal and 
commercial source of the metal is .the sulphide, known as gray antimony 
or stibnite. This compound when pqre is composed of antimony, 71.8; 
sulphur, 28.2. This ore is softer than the metal and has a lower specific 
gravity (4.5 to 4.6). Like the metal, it can be pulverized to a dense 
black powder, which is used for a variety of purposes. .Another ore of 
antimony, which occurs sparingly and generally as a result of the oxida-
tion of the sulphide, is known as white antimony or valentinite. There 
is also red antimony; or kermesite, known in chemistry as kermes. But 
stibnite is the most common and the best known ore. 
ANTDIONY LOCALITIES IN THE UNITED STATES. 
Oalifornia.-The sulphuret of antimony vein at San Emigdio, in Kern 
county, California, was· described in 1853 and 1855.(a) This was the 
first discovery of any antimony deposit of commercial importance in 
the United States. Some rude attempts had been made 9efore that 
time. to work the ore for silver. Since then but little has been done 
beyond the shipment of some of _the ores to San Francisco by way of 
San Buenaventura, and by rail since the construction of the railway. 
The vein has also been opened at many distant points by short tunnels 
and pits, and a series of claims along the line of the lode have been 
patented. These claims are owned by Mr. S. Bouschy, who has de-
voted many years to the development of this property. The vein con-
sists of quartz and gray antimony, and traverses a granitic rock in a 
direction nearly northwest . and southeast, with a djp to the west of 64°. 
It cuts through a granitic mountain, outcropping on both sides, so that 
it may be followed up one side and down upon the other. The lower 
openings are at an elevation of about 5,000 feet and the upper at about 
5,800 feet, at the summit. It is thus favorably situated for mining and 
the supply of ore seems to be enormous. The width of the vein varies 
in different places from a few inches to many feet. The vein matter is 
a W. P. Blake, United States Pacific Railroad Explorations and Surveys, Vol 5, 
pages 291-295. 
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in places 20 or 30 feet wide. The distance horizontally through the 
mountain from one tunnel to the other on the opposite slope isP-stimated 
to be not less than 4,500 to 5.000 feet, and there is little douht that the 
vein may be followed for the,whole distance. The quartz of the ,Tein is 
said to contain from $16 to $18 in value of gold per ton. It is possible 
that the stibnite is also auriferous. Tue property bas not yet been ex-
tensively wol'ked. Mr. Bouschy has made some attempts, with a lim--
ited amount of capital, to smelt the ore, but in 1883 the furnace build-
ings took fire and were destroyed. Work was resumed in the year 1884~ 
Mr. S. Bouschy, Alexander B. and George Chaffey, and G. H. How-
land are reducing the ore to matte, or crude antimony, with success. 
Ten iron pots are used, in each of which 100 pounds of antimony ore are-
treated at one heat. Some fine samples of metal produced at this mine 
were exhibited at the rooms of thA Board of Trade in Los Angeles. (a} 
There are several other localities in the State of California, some of 
which give promfse of capacity to supply ·ore in commercial quantities. 
The Stayton mine, 3 miles south of Alta, in San Benito county, and the· 
Alta mine, 1 mile from Clark's rancho aml 14 from Hollistel', have-
yielded some ore, which has been sent to San Francisco and sold. At 
the Alta claim there is a distinctly formed vein traversing a trachytic-
or plutonic rock. It is from an inch or less to 24 inches thick, and has-
well defined kaolinized walls. The gangue or veinstone is quartz. In 
some places there are masses of ore 6 inches thick, and solid stibnite. 
From G to 15 inches of ore, more or less mixed witll the quartz gangue,. 
is common. The mine is opened by a tunnel 260 feet long and a winze 
100 feet deep. This vein can be traced for 150 feet or more up the hill. 
It is favorably situated for mining and should furnish a large amount 
of ore of goou quality. The tuunel in 1881 was 150 feet Jong and had 
a considerable amount of ore standing between it and the surface of the-
hill. Mr. Samuel Ambrose is the chief owner and superintendent. 
The mines have not been worked for two or three years past. 
Antim~ny ore (stibnite) has been found at several places in California 
associated with cinnabar, some specimens being nearly half stibnite-
and half cinnabarite. . 
The ore has been found also, according to H. G. Hanks, in washed 
bowlders, at the Centennial mine, San Bernardino county; Pacheco 
pa s, Monterey county; Mammoth mine, Mineral King district, Tulare 
county; in thePanamint mountains, Inyo county, in large --veins; at the 
head of Bloody canon, Mono county, with chalcedony and cinnabar; 
and at the Lake quicksilver mine, Lake county. A new discovery of 
a vein of antimony ore is reported in Kern county, about 45 miles east 
of Baker field. The vein is said to be large. 
Nevada.-Tb re are numerous localities in this State where stibnite-
ha een found, either in lodes by itself or in association with other 
a Report of H. G. Hanks, State mineralogist of California, for the year ending May 
15, l 
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minerals. One of the best-known occurrences is about 12 mil~s south 
of Battle Mountain station, on the Central Pacific road, in Humboldt 
county. Tbe ore is described as found in two parallel veins about 100 
feet apart and standing nearly vertical. Some of the ore · bas been 
shipped to San Francisco and worked, but·of late the mines have been 
idle. Antimony ore also is found in Relief district, Humboldt county, 
aboutl8 miles eastofLovelock's station, on the Central Paci:ficRailroad. 
It is stilmite in a gangue of quartz, and has yielded considerable ore from 
the croppings downward to a depth of a few feet. This ore might be 
concentrated by liquation so as to separate it from the quartz, with 
which it is so much blended that it cannot be separated by band-sorting. 
Utah.-Remarkable deposits of stihuite, with some valentinite and 
senarmontite, the result of the oxidation of the stibnite, are found in the 
sandstone formation of southern Utah, in bedded masses, following the 
stratification of the nearly horizontal beds. The locality is iu Iron 
county, upon Coyote creek, a clear-flowing stream of water, which, 
rising in the bluffs of the '' rim of the basin," north of the Great Canon 
of the Colorado river, flows westward into the Sevier river. The gen-
ocal elevation of the regi-on is 6,500 feet or more. The rocks are soft, 
gra.y, granular sandstones, underlaid by a, thin bed of limestone an9- a 
conglomerate of water-worn bowlders of quartz forming the base of the 
bluffs along t,he eroded valley of the creek. The antimony ore occurs 
just above the junction of the sandstone with the limestone and the 
conglomerate. In some places the ore has been found in the conglom-
erate, penetrating irregularly between the bowlders. 1t is usually in 
the sandstone and is not accompanied by any veinstone or g~wgue or · 
any evidences of a vein formation. It is bedded in the midst of a sand 
rock parallel with the_ stratification. The thickness of these layers of 
ore varies at different poi r1 ts · from a fraction of an inch to 20 to 301 
inches, so far as observed. In general there is only one bed or layer,. 
but there are eYidences of the existence of two or more ·layers in 
some parts of the area over which the ore bas been traced. Large 
quantities of ore were ' fouud in outlying masses on the surface or 
slopes of the sandstone hills, ha dng becom~ weathered out an<l de-
tached by the gradual wearing away of the strata where cut through 
by the main valley or by the lateral valleys. Some of these detached 
masses weighed several tons, and could not be moved without being 
blasted into fragments. One mass of nearly pure stibnite weighed 
about 3,000 pounds, and was sent to Salt Lake and thence to New 
York. This mass, like most of the ore found in the sandstone, has a 
very strongly defoic,d radial structure, the crystallization being in close 
aggregations of long, needle-like fibers or prisms, which .are diver-
gent from central points or nuclei, giving a stellate appearance to the 
masse~, and particularly to the smaller aggregations, some of which are 
only a few inches in breadth. In the large masses the radial fibers are 
sometimes 18 inches long, and form dPuse aggregations of pure ore 8 to 
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15 inches thick at t,he large end, tapering to a point at the other end. 
The layers do not form continuous sheets following the sandstone beds, 
l::mt consist of disconnected aggregations or bunches here and there, 
though much more numerous in some places than in others. The ore 
appears to have formed or crystallized from independent disconnected 
points alongthe particular stratum or horizon of sandstone. The r~sult 
of this irregular aggregation is that in ~ome parts of the formation the 
ore is much more abundant tlrnn in other parts, as has been shown by 
sinking shafts to the horizon of tbe orf'. All the phenomena indicate 
that the stibnite crystallized in the sandstone after the deposition of the 
rock, and that it is tile result of the percolation of antirnonial solutions, 
which either descending or ascending, probably descending, found in 
the particular sandstone bed the conditions which were fav.orable to 
their crystallization. It is certain t,hat the ore was formed in the beds 
after their deposition. The presence in tl.Ie vicinity of the deposits of 
extended beds of lava overlying and capping the sandstone strata sug-
gest~ t he possibility tl.Iat these lava outflows, during their cooling and 
~b-=equently, were the source of the antimonial emanations or solutions. 
Tbe Utah mfnes were opened in 1880, and a company was formed in 
Salt Lake City to work them , under the title of the Utah Antimony 
Mining a,nd Smelting Company. In 1881 the property passed into the 
pos -e:.ssion of a new incorporation in New York, called the American 
Antimony Company. Some mP.tal was made and sold in the market, 
and was considered excellent in quality, but owing to the great cost of 
transportation and the low price of the metal the production was not 
. found to be profitable, and work was suspended and has not been re-
~um ed. 
FOREIGN SOURCES OF ANTIMONY. 
New Brunswick.-Tbere are several localities of stibnite-in this prov-
ince and some have been extensively worked. In Prince William parish, 
county of York, about 20 miles west of Fredericton, a lode was dis-
covered in the year 1860 and bas been worked since at intervals. A 
company, called the Prince William, was formed, and a quantity of ore 
wa~ hipped to England. About $150,000 was expended in mining and 
putting up reduction works, but this was considered as lost, and work 
wa uspended until 1860, when a new company, known as the Bruns-
wick Antimony Company, was formed in Boston and acquired this 
property, and also tlle Hibbard, Lake George, and adjacent properties. 
The ock in which these veins occur is described as a thick argillite 
slate. The gangue is quartz and calcite, and besides stibnite large 
pocket- like ma ses of native antimony are found, some of them yielding 
over a ton of the metal. This metallic antimony is remarkably pure and 
is a ociated with stibnite, valentinite, and kermesite. The masses are 
in a roa.nded and elongated form, often 12 inches broad, and also in radi-
ated aggregations of blade-like crystalB, some of them 2 inches long and 
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one-eighth of an inch wide. The stibnite also occurs crystallized in 
divergent blades and in masses without crystallization 
Nova Scotia.-The West Gore antimony mines are situated in Raw-
don township, Hants county, about 15 miles from stations on either 
the Intercolonial or Windsor and Annapolis railroad. The vein· is re-
ported to average 13 inches of metal or ore and to be opened by two 
shafts, 120 feet apart and 110 feet deep. A shipment of' ioo tons to 
England averaged 60 per cent. antimony. Six hundred tons of antimony 
ore were exported in 1884. 
Sonora, Mexico.-A few years ago some very remarkable croppings 
of white oxide of antimony (''white antimony") were found a short dis-
tance south of the Arizona line and near the Gulf of California. It 
was massive and nearly pure, associated with quartz and silver ore, 
and yielded excellent metal. A company was formed to work it, and 
reduction works were established in Oakland. A supply of the ore 
was procured and a few hundred pounds of metal was produced, but 
the many difficulties encountered an1f'the variable percentage of the 
ore, together with th~ costs of mining and transportation, led to the 
abandonment of the enterprise. As the depth of· the workings on the 
croppings increased the amount of silver increased, until it seemed 
probable that the antimony had been derived from the decomposition 
of an antimonia,l ore of silver. Some of the blocks of ore sent to San 
Francisco had thin films of chloride of silver in the seams of the rock. 
The quantity diminished in depth as the oxide was gradually replaced 
by the unoxidized ores. · ) 
France.-In the year 1880 the production of antimony ore amounted 
to 1,214 tons, valued at 243,440 francs ($48,688). A portion, at least, 
of the ore is obtained from Algeria and Italy. In the year 1882 the 
production was 178 metric tons. · 
1 
Spain.-The official statistics of the mining industry in Spain show 
a production of 30 tons of antimony ore, valued at 6,450 pesetas ($1,290), 
in the year 1882. · . . 
Portugal.-Antimony lodes occur in three different regions and in as 
many distinct geological formations. In Evoca district the ore is found 
in a quartz lode, between the Palreozoic beds and granite. In Oporto 
district it is found in the neighborhood of Valongo, Parades, and Gon-
domar, in bed-like lodes in Silurian rocks. In the district of Faro there 
are two distinct lodes, only one of which is worked. These lodes are · 
in the slates of the culm formation. The production of antimony in 
Portugal for the year 1881 is stated as 866 long tons. In 1883 t,be ore 
was obtained from fourteen mines, and lead with antimony was raised 
from three mines. 
Prussia.-Stibnite occurs in Rhenish Prussia, between Wintrop and 
Ventrop, in bedded deposits in the limestone and shales of Devonian 
age. The antimony is . most abundant in the midst of the beds and 
penetrates cracks and fissures. Eleven layers of antimony-bearing 
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strata had been opened up as early as the year 1833 in the Caspari 
·mine. The heavier and larger masses of stibnite sometimes include 
fragments of the inclosing rock. At the Hoffnung mine the Devon-
ian slates dip at an angle of 450; and the antimony ore, which is 
as!:->ociated with iron pyrites and brown spar, occurs in a band or belt 
of the. rock as much as 120 feet in width. This, in 1827, had been 
opened upon in the dire0tion of the strike for about 560 feet. Tb~ stib-
nite· is said to be found partly in true veins as well as between the 
planes of stratification. The total production of antimony ore in the 
German Empire, inclusive of Luxembourg, during the jear 1881, ac-
cording to the officiai statistics, was 77 tons, valued at 16,702 marks 
($4,175) . . 
Austria.-The production in the year 1882 was 509 tons, valued at 
2:!,232 gulden ($11,115). 
Bohemia.-'l'he production of antimony ore in 1881 was 187 tons. In . 
1873 the Milleschau Antimony Company made an exhibition of their 
antimony products at Vienna. Their mines· are near the Moldau river, 
and are ~pon seven lodes in granite from 1 inch to 12 feet thick. One 
of the E!pecimens shown was a solid mass of gray antimony ore weighing 
2,300 pounds. At that time the company employed three hundred men. 
Otller ores were shown from mines near Plan, in Bohemia. The lodes 
are said to be 12 feet wide, and to intersect the mica-schists of the dis-
trict. 
Httn,qary.-The production in 1881 was 767 tons, valued at 84,728 
florins ($42,360). In 1871 the production was about 126 tons. 
ltaly.-In the year 1880 the production was 402 tons, valued at 80,400 
lire ($16,080). Red antimony (kermesite) is stated to be mined in Tus-
cany an~ to be sm~lted at Marseilles, France . 
.Algeria.-Stibnite and oxide of antimony (white antimony ore or 
senarmoutite) derived from the alteration of the sulphide, are found in 
considerable quantities at El Haminat, about 43 miles from Constan-
tine, and at Sousa. Specimens from these localities were shown at the 
International Exhibition in Paris in ·1878, and at Vi-enna in 1873. 
Victoria.-Tbe production of antimony ore in this British colony, in 
the year 1880, amounted to 333 tous 17 cwts., of which 272 tons 17 cwts. 
were smelted in the colony, yielding 178 tons 10 cwts. of regulus. In 
1882 376 tons of antimony ore were mined, and were valued at £2,632. 
The re occurs in many places, and is frequently auriferous. At Sun-
bury a lo<le from 3 to 18 iuches in tlJickness, consisting chiefly of quartz 
and : tibnite, traverses Silurian strata, and contains about 2 ounces of 
gold rn the ton. At Whroo tlrn antimony ore occurs in concretionary 
ma ,' in concentric layers around a central nucleus of sulphide 
of antimony. The outer oxidized layers contain native gold, some-
time in grain as _ large as a pea. The occurrence of auriferous 
antimony ore appears to be common, the association being observed 
al o in California, and it was mentioned in metallurgical treatises 
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.as early as 1827. Gold occurs also at the Coster:fi.~ld mines. Accord-
ing to the Mining anrl Scientific Press of September 13, 1884, the 
process adopted by the Coster:fi.eld Company for treating these ores, 
-consisting of sulphide and brown and white oxides of antimony, is as 
follows: The portion of the ore free from quartz is picked out and set 
:aside for smelting, the remainder being crushed to extract the gold. 
The tailings are then conveyed to heaps and prepared for smelting by 
,a process of puddling. A sluice-box is fed with tailings, which pass on 
to a triangular tray, forming an incliue flume, so arranged as to cause 
the water and tailings to flow over it in a broad, shallow stream into an 
oblong recPiving pit. The pure;,t antimony ore, from its greater specific 
gravity, settles in the pit at the end nearest the tray. As the sediment 
recedes from this end it gradual1y becomes mixed with an increasing 
proportion of sand; but much of the latter is carried away in the over-
;.fiow of water from the pit. 
On cleaning out the receiving pit, that portion of its contents 
-containing quartz sand is returned to the heaps, to be again passed 
through the buddle, and the pure ore is collected in bags and sent to 
the boiler-house to be dried. lt is then placed in a smelting furnace, 
with equal :vroportions of uncrushed ore, and reduced to crude antimony, 
the slag and cinder ·resulting from thii-i process being further treated by 
roasting or calcining in a reverberatory furnace to liberate the oxide, 
which passm, off in fumes from the furnaces into the oxide flue; and as 
the fumes cool on their passage to the smokestack, the oxide is deposited 
in chambers constructed in the flue to receive it. The residue from 
the reverberatory furnace is afterwards crushed to extract any gold it 
may contain. The gold obtained from the mineral defrays the whole of 
the company's working expenses, aud the yield of crude antimony and 
-0xide is clear profit. The ore ;rieMH a bout 45 p• r cent. of crude anti-
mony. 
The process adopted for treating auriferous ores containing antimony 
.sulphi<le, by fu~ing the sulphide with a portion of metallic antimony, 
.and using the same metal with fresh charges of the ore, until it becomes 
il'ich in gold, and then separating the two metals by the oxidation of the 
antimony, while suitable for rich antimony ores, will not answer for 
those containing less of the sulphide, as they are too siliceous to fuse. 
According to Locke, Mr. Cosmo Newberry bas introduced the follow-
ing method for treating such ores, which may also contain gold, silver~ 
nickel, cobalt, sulphur, and arsenic. Tb~ uncrushed ores are placed in 
a kiln or furnace with a quantity of salt, sufficient to produce the 
.amount of chlorine necessary to get rid of .the sulphur, antimony, and 
arsenic. .As soon as the calcination commences a supply of steam or 
.aqueous vapor is conducted to the bottom of' the kiln or into the furnace, 
in such quantities as to keep the whole mass saturated. That it is so 
saturated is ascertainable hy holding a condensing shrf~ce, such as a 
piece of cold iron, over the calcining mass. If the saturation is being 
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effected the surface soon becomes damp. The saturation is continued 
. until there are neither antimonial nor arsenical fumes, nor t~e smell of 
sulphurous acid or sulphureted hydrogen. The process is then com-
pleted and the ~barge is drawn; it is ready for any further treatment 
for extracting the p_recious metal. A peculiar condenser for facilitating 
the solidification of the metallic vapors given off in these roasting proc-
esses bas been perfected by the introduction of the process described. 
New South Wales.-Uonsiderable quantities of antimony ore are now 
obtained from New South Wales. It has been discovered in many lo-
calities iu the Macleay district, at Hargrave's Falls, and in the neigh-
borhood of Aberfoil. · In the · Bathurst district stibnite has been found 
in loose blocks. The close association of antimony ore and gold has been 
noted in New South Wales by Mr. C. S. Wilkinson. He reports aurifer-
ous antimony lodes at Hill Grove, in rocks which are regarded as met-
amorphosed Devonian. The lode consists of a network of quartz veins 
accompanying a granitic dike. The ore is the sulphide (stibnite) and 
also the oxide, in bunches in which gold is sometimes distinctly visible. 
At a mine near· Armadale a vein from 10 to 15 inches in width is said 
to yield 50 per cent. of antimony and 22 pennyweights of gold per ton. 
According to the annual report of the mining department, Sydney, 
New Sou~h Wales, the quantity of antimony produced in the colony 
was as follows : 
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There were no returns previous to 1871. Later statistics show that 
the production for 1882 was 23 tons of antimony and 1,046 tons of anti-
mony ore. 
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Jap'an.-In the year 1874 a small quantity of antimony was produced 
from four mines in this country. It occurs on the island of Amakusa, 
in small and irregular veins, and in seams from i inch to 1 foot in thick-
ness. Numerous magnificent crystallizations of stibnite have recently 
been obtained in Japan from the mines of antimony on the island of 
Shikoku, in the province of Iyo. The mineralogical collection at Yale 
College and several other collections ha-ve of late been enriched by 
specimens from this locality. The great size and :perfection of form of , 
the crystals is remarkable. They are prisms with brilliant lateral and 
terminal planes. These prisms are sometimes over 20 inches in length. 
The finest group of crystals in the Yale museum has a length of 11-
inches and a height of 10½ inches. These remarkably fine crystalizations 
have been described in detail by Prof. E. S. Dana (a), who identifies 
forty planes new to science in this spe~ies, making eighty-five planes in 
all now known and described. 
Borneo.-This country has been a well-known source of antimony for 
many years. The ore was discoveretl there in 1825. In 1880 antimony 
to the value of $72,516 was exported. The principal mine is at Bidi, in 
Sarawak. From the report of acting Consµl-General Thacher for 1883 
it appears that the export of antimony, which•in 1881 amounted to 
1,856 tons, and in 1882 to 1,440 tons, fell in 1883 to 1,361 tons ; and there 
can be no doubt that this result is in a great measure to be accounted 
for by a falling off in the supply, as old workings ha1e. been exhausted. 
Efforts are being made to prospect more thoroughly the district of Up-
. per Sarawak, where alone antimony has hitherto been found in quantity. 
Tonquin.-A.ntimony ores are reported as occurring in this country, 
but no definite information is accessible. 
MISOELLANEOlJS. 
Extraction.-The extraction of antimony from its ores is attended 
with some difficulties, owing to its volatility and affinity for oxygen. . If 
the ~ulphide is much mixed with veinstone, such as quartz, it is sub-
jected to the preliminary process of liquation, by which the fused sul- , 
phide flows away, leaving the rock behind. The sulphur is extracted 
either by heating with iron, alkalies, and charcoal, leaving a regulus of 
metal, or by oxidation, leaving the antimony in the condition ofteroxide, 
which is afterwards reduced with charcoal and alkalies in crucibles. 
The metal sinks to the bottom, and the overlying residue--is known as 
crocus of antimony. 
The ehief centers of the extraction of antimony are in Hungary, Ger-
many, France, and Great Britain. The ores of antimony were formerly 
mined in Great Britain, but ore now is imported from Singapore, Bor-
neo, and other Jocalities. Muell of it is sent as· ballast at very low rates 
of freight. The ores which are smelted near Marseilles, in France, are 
obtained from Algeria and Tuscany. 
a A:merican Jo1irnal of &ience, Vol. XX.VI., page 214. 
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Extraction of antimony in the United States.-Up to the year 1883 but 
little metallic antimony had been produced in the United States. A 
few cakes of excellent metal had been made in Oakland, California, from 
the white antimony ore of Sonora, but owing to various difficulties the 
enterprise was soon abandoned, and the works have since been burned 
down . . 
Works in San Francisco for the reduction of ores of antimony and 
the production of the commercial metal were equipped by Messrs. Starr 
& Mathison,and produced some excellent "star" antimony, equal to any 
imported. The difficulty of securing a regular supply of ore of a high 
grade at remunerative figures is reported to have caused the closing of 
the works in 1,883. 
At the San Emigdio mine, in Kern county, California, Mr. Bouscby 
has erected furnaces for the production of regulus, and operations were 
resumed in the summer of 1884, and a small quantity of metal is made 
at a profit. 
A considerable quantity of bard lead. containing antimony, is ob-
tained iu the lead-smelting operations of the Castle Dome Mining and 
Smelting Company, at Melrose, Alameda county, California, and has 
been utilized in the manufacture of antimonal alloys for several years 
past. The same is true of other lead-smelting works. 
A large quantity of antimonial lead is produced at the works in Kan-
sas Oity, Missouri, and it is utilized by the ·wadsworth Metal and Man-
ufacturing Company for the manufacture of antirnonial alloys, such as 
various grades of Babbitt metal ; electrotype, stereotype, and white met-
als, solders, etc. This source of antimony, although in alloy with lead, 
materially affects the market f'or the pure metal, i.uasmuch as a large 
part of the demaud for the ordinary crude alloys of antimony and lead 
is s·upplied by it, and without the cost of a preliminary separ~tion. 
The production of antimony from the Utah ore bas already been men-
t ioned. 
Uses of antimony.-Autimony is an important constituent of many 
usefu l alloys, generally imparting har<lness to the softer metals. \Yith 
lead it forms type metal, the antimony not only giving hardness but 
-0ausing the expansion of the alloy at tl.ie moment of cooling, whereby 
the casting is sharper and better formed in the mold. The amount of 
antimony in type metal is generally from 17 to 20 per cent., though 
type metal is ~ ometimes made of 1 part of antimony au<l 4 parts of lead. 
:For stereotype plates a small quantity of tin is ad<led, from one-eightieth 
to one-fiftieth part. 
Britannia metal contains from 10 to 1G parts of antimony an.cl 81 of 
tiu. Babbitt metal, an anti-friction alloy for the journal boxes or bear-
ing of machinery, contains 8.3 per cent of antimouy. Pewter contains 
about 7 per cent. 
With tin antimony forms white brittle alloy . The addition of a very 
small quantity of tin promotes the crystallization of antimony and gives 
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larger crystals. Added to iron in the proportion of 70 parts of anti-
mony and 30 of iron it forms a hard, brilliant, and fusible compound. It 
renders gold and silver brittle. Its effects on copper are remarkable 
and injurious. It is said that the one-thousandth part of antimony will 
-destroy the good qualities of the copper, and that on~ four-thousandth 
part will reduce the quality of'' best selected" to "tough ingot" grade. 
Compounds of antimony are extensively used in medicinal prepara-
·tions, tartar emetic being one of the most important~ and in the manu-
facture of pigments. The pulverized stilmite is found to be an excel-
lent material for the vulcanization of rubber. 
Estimation ·of antimony.-A method of quickly making eommercial 
-determinations of antimony present in ores, alloys, ~r slags is described 
by Mr. G. T. Dougherty. (a) The substance is first reduced to a button 
by fusion. If in au oxidized state, it is melted with charcoal and red 
argol; if combined with sulphur, it is oecomposed by fusion with equal 
parts of potassium cyanide and sodium carbonate. Ten grams is the 
most convenient quantity to use. The weighed button is then cut into · 
small pieces, placed in a porcelain dish, and digested at a boiling heat 
in a mixture of equal parts of nitric acid and water, until the solu-
tion has nearly evaporated and the lead ·is dissolved, leaving the an-
timony as a white, insoluble precipitate of antimony tetroxide (Sb20,), 
which is_ separated by :filtration from the diluted solution, and is dried-
and weighed. In a button containing lead and antimony only, the 
quantity of lead is ascertained by deducting the weight of the antimony, 
or it may be determined from the :filtrate as sulphate of lead. 
Imports a.nd prices.-The importation of antimony at the port of New 
York amounted to 3,406 casks in 1883, and 3,044 in 1884. The general 
range of price for the same ;year was from 10 to 11¼ cents per pound for 
Cookson's, and from 8.85 to 10.25 cents for Hallett's. .A.t the end of the 
month of October, 1884, antimony was selling in Liverpool at £41 to 
.£42 per ton, and in December, 1884, at .£40 per ton. In the month 
of April, 1885, and on the 1st of May, it was quoted at £38 to £38 10s. 
In the New York market the price had fallen to 9¾cents for Cookson's. 
The shipments of metallic antimony from California amounted in 
1882 to a little over 30 tons. In 1883 shipments fell off, while in 1884 
they were again slightly increased, so::ne small lots of ore having in the 
mean time been exported. 
a Engineering and Mining Journal, Vol. XX.XVIII., page 345, November 22, 1884. 
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Antimony and antimony ore irnp01'ted and entered for consumption in the United States, 1867 
to 1884 inclusive. 
Fiscal years ending June 30-
• 
Crude and regnlus. Ore. 








































a Classed as regulus only. 
:::::::::::: ... $2,-324. 
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The bonded stocks of antimony at the port of New York on the first 
days of each month in 1884, as_ compared with the same dates in 1883, 
are shown in the following table, compiled from the American Metal 
Market, January 3, 1885 : . 
Months. 
January ......................... . 
February ... ..••.• ••..••.......•. 
March ...•.•...•••.•••.•••.•...•.. ! 








1883. i-----M-_on_th_s. ____ --,.f __ 1_8_84 _ ·_, __ 1_s.sa_. 
Ot1,8ka. 0(Uka. Q<1,Bk8. 
i~~ iuly .. t ························· :i m 
125 Se;\~~b~;::::::::::::::::::::::: 32 114 
133 October.......................... 32 118 
ii~ ~~;ee::::.:::::::::::::::::::::::i :~ h~ 
Opening, closing, highest, and lowest prices of antiniony of Cookson's brand and Hallett's 
brand in each month of the year 18R4 compared with the same month in the year 1883. ( b) 
[Cents per pound.] 
Cookson's. Hallett's. 
Months. 
1884. 1883. 1884. 1883. 
--------
11¼ 11¼ 10¼ 10½ 
12 11¼ 11 10½ 
11.15 11 10. 20 10 
lli 11 11 10, 
lli 11 11 10, 
llf 11 lli 101 ll 101 11 9j 
11! 101 11¼ 9i 
11¾ 10! 11¼ :t 11¾ 10! 111 
lli 10. 70 10! a lli 10. 70 lQi 
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11 Closing .•••••.•••••.••••• ., ••.••••••••••••••••••••••••••••••••••• 
~: ll f!i$' .·:::::::::::::::::::::: :::: :: :::::: :::::::::::::::: :::::: w 
Closing . ••••• •••••• •••••• .••• •• •••••• ••••••• ••• •••• •• . • • . . ••. . • •. 11 
June: 
fil>:h:f.::::::: :::: :: :::: :: : ::::::::: ::: : : : :: :: : :: : : : ::: : : : : :: : : : n 
Lowest . .....•••••••••••••••••••••••••.•••.•••••••••••••••••••••• 10{ 
Closing . • . • • • • • . • • . . • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • . 10{ 
July: , . 
1!i.$f ............ ············································· 
Closing .••..•••.•.••.••••••••••••••••••••••••••••••••••••.••..•.. 
August: 












Closing . . • • • • . • • • • • . • • . . • • • • • • • • • • • • • • • • • • • • • • • . • • . • • • • • • • • • . . • • . l()j-
Oetober: 
!i~:f ........... ·············································· 
Closing .•••••.••.•••••••••••••..••.••••••••.••.•••••••••••••...•. 
November: 
r!t~:~ .................................................... __ . _.
Closing ••••••••••••.•••••••••••••.••••••.••••••••••••••••••••.••• 
December: 
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10½ 9i 
10½ 9i 

























10 m 10¼ 
Exports. -The statistics of exports of antimony and antimonial ores are 
very imperfect, as both are usually classed under other heads. The 
exports of ore, as recorded, range from a few hundred dollars' worth to 
$13,619 in the fiscal year 1882. In the fiscal year 1883 the exports 
reported were valued at 13,500. 
, 
BISMUTH. 
Ores.-The most important ore of bismuth is the native metal, which 
is · found associate-cl with gold, silver, cobalt, and nickel ores. It has 
been identified in Monroe county, :New York; at Haddam, Connecticut, 
and in Virginia. TMradymite, a telluride of bismuth, containing from 
60 to 80 per cent. bismuth, is found in the gold belt of Virginia and 
North Carolina, aud in Arizona. Bismuth-silver is a, native alloy of 
bismuth and silver, containing varying proportions of the two metals, 
ranging from 27 per ceut. bismuth and 15 silver to 10 bismuth and 60 
silver, with irregular amounts of copper, lead, iron, sulphur, arsenic, 
-etc. Bismuthinite is a sulphide, normally containing 81.6 per cent. bis-
muth an<l. lb . 4 sulphur. Bismuth ocher is an oxide, containing about 
90 per cent. metallic bismuth. Bismutite, a hydrated carbonate, con-
taining 90 per cent. bismuth, 6.56 carbonic acid, and 3.44 water, l\as been 
found in South Carolina. Besides these minerals rare silicates of bis-
muth have been observed. 
Occurrence in the United States.-Several veins carrying bismuth have-
been found at a point 12 miles west of Beaver City, Utah. They occur 
in a magnesian limestone, and vary from 1 to 9 feet in thickness. The 
entire vein matter is said to assay from 1 to 6 per cent. metal, the ore-
being of such low grade that it would require to be concentrated. As 
it is free from arsenic and antimony it is thought that it can·be handled 
with profit notwithstanding its low grade. The ore is native bismuth 
with pyrite and a little galena, carrying some silver, in a quartz gangue. 
One of the mines, the Bismuth, in Granite district, Beaver county, dis-
covered in 1865, shipped a little ore in 1871, which is said to have car-
ried 7 per cent. metal. T-be developments are small, consisting of a 
number of short prospecting shafts and tunnels. 
!' In Colorado a number of occurrences are reported, particularly in 
Hins<l.ale, Boulder, J e:fferson, La Plata, and San Juan counties. In the 
ores of the last-named county Mr. T. B. Comstock has identified bis-
mutbinite (sulphide of bismuth), wittichenite (copper and bismuth sul-
phide, rich in ilver), and aciculite or aikinite (lead, copper, and bismuth 
ulpbide) in beautiful crystals. A small specimen from the Gladiator 
miue, Lake City district, Hinsdale county, showeu 81 per cent. bismuth, 
carrying ilrnr at the rate of 1,544 ounces per ton. The Bi~mutb Queen 
mil1e, ll(;'ar Golden, b::is also produced some very rich bi mutite and bi · 
mutl.liuit ore. 
A grayi h green, impure oxide of bismuth, averaging from 8 to 10 per 
cent. bi muth, ha b en found near Tucson, .Arizona, an<l it i thought 
to be pre ent in considerable quantity. A piece of bi muth ore was 
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also found in gold washings near Phumix. Tetradymite {telluride of 
bismuth) has been identified in this Territory. 
A specimen of bismuth ore, found by miners while washing gold-bear-
ing gravel on Big Pine creek, Inyo county, California, is now in the 
State museum. Bismuth has also been reported as occurring in re-
markable purity on the flank of Mount Vostovia, Alaska. The occur-
rences in Connecticut, New York, Virginia, North Carolina, and South 
Carolina, already noted, are of mineralogic;:tl interest merely. 
There is no commercial production of bismuth in the United States, 
though it is possible that the occurrences of its ores, especjally in Colo-
rado and Utah, may be utilized to a limited extent in connection with 
the smelting of silver ores . . At present prices a large deposit of work-
able bismuth ore would be a valu3,ble find, and it would seem_' profitable 
to treat the small quantities of rich bismuth ore hitherto worked for the 
silver contents alone, for the bismuth as well. There are ncrreduction 
works in this country designed for the extraction of bismuth. which,. 
however, is a simple metallurgical process. The small lots of metal pro-
duced hitherto have been obtained iu experiments. 
Sources.-The supplies of bismuth are drawn principally from the 
mines of Saxony, Hungary, Baden, Cornwall, an<l Australia. The ores 
also occur in South America, especially in Bolivia and Uhili. The total 
production is small. . 
Price.-During 1883 and 1884 the price has been held at about $2 per 
pound, though on a flurry in the Lon<lon market it droppe<l to $ 1.05,. 
from which figure it almost immediately recovered to $2. 
Uses.-Metallic bismuth is used in making fusible alloys, such as soft 
solder and plugs for safety valves and automatic fire extinguishers; in 
stereotype metal, for molds; as an amalgam for silvering glass globes,. 
and it has been tried in the molten state as a bath for tempel'ing steeL 
The subnitrate is used under the uame of pearl white in enamels, in porce-
lain, in optical glass, in medicine, and as a cos'°-etic. The carbonate-
is employed to a small extent in medicine. The nitrate i:s used as a 
mordant. 
Imports.-The following table gives the imports of bismuth during· 
recent years, with their foreign valuations, from which it will_ be seen 
that the consumption in this country is very small. Bismuth is on the-
free list of the present tariff. · 
Bismuth imp01·ted and entrred Jor consumption in the United States, 1868 to 1884 ·incl-usive .. 
Fi""'1 yoa,·,ondmg ,[ un• 30-
1 
Qu=tity, V nluo. 11 'ioool ,..,, on ding J nne30-1Qn=tity. V alne. 
Pounds. I Pounds. 
li!!i))((!\/\1 It!! $~iii~ iftU/f IIY IJ!b -~iii~ 
1874 - - - . - - - - - - . - - . - - . - - . - - - - ... - - . - - . . . 14, 179 , 1883 - .. ' . - - - - - - - . - - - - - .. - - - - · 1 54, 702 89, 683, mL:::::::::::::::::::::::: :::::::::: 1~:m 1884.......... . .............. 61,208 93,548,. 
ARSENIC. 
Although occurrences of arsenic ores are frequent throughout the 
United States, especially in the far West, there is no commercial pro-
duction. In the eastern and central portions of the country the deposits 
are generally small and scattered. ·1n the geld and silver ores of the 
Rocky Mountain region and the Pacific coast arsenic is very common, 
but is regarded only as a hinderance in metallurgical operations. Aurif-
erous mispickel is worked on a considerable scale for its gold contents; 
and sulpharsenide silver ores are fi·equent, sometimes being treated by 
chloridizing roasting followed by amalgamation, and sometimes smelted 
with the silver-lead ores with which they occur. · Both in roasting and 
smelting large quantities of arsenic pass off in the fumes and are lost. 
The cheapness of the product and the distance from market have thus 
far prevented it from being saved in commercial quantities, though in 
time a small production may be looked from the gold and silver reduc-
tion works. 
Metallic arsenic is produced in only small quantities and bas a limited 
application in the arts, usually as the hardening element in lead alloys. 
The yellow sulphide, or orpiment (As2S3), and the red sulphide, or real-
gar (AsS), are more largely used, mainly as pigments and in fireworks. 
White arsenic, the "arsenic" of commerce, is arsenious oxide (.As2O3), 
and is the common form. From it the other arsenic compounds, so 
largely used in the arJs, are readily made. It is produced as a by-prod-
uct in metallurgical operations, very seldom being a main product. 
The imports of white arsenic are very large, amounting to 1,800 tons 
in the last fiscal year, mainly from England. The nearest source of sup-
ply is the Del Oro mine, Ontario, Canada, where it is obtained by roast-
ing a gold-bearing mispickel ore preliminary to the extraction of the 
gold. This mine is worked by an American company. There was no 
production of arsenic in 1883 at the Del Oro mine, but in 1884 about 200 
short tons were made. In the crude state it carried about 97 per cent. 
of pure arsenious oxide, and when refined some of it is said to have 
reached 99.65 per cent., the usual grade of English refined being about 
95 pe! cent. The Del Oro arsenic is only just coming on the market; 
but the full capacity of the works, if running regularly, is stated by 
Mr. R. P. Rothwell, the manager, at .. t.bout 1,000 tons per year, or about 
one-eighth of the entire make of the world. 
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At the close of 1884 the price of English refined white arsenic was 
· 2f cents per pound_, wholesale. 
Recent -imports have been as follows: 
.Arsenic irnported and entered for consumiption in the United States, 1867 to 1884 inclusive. 
FiscalyearsendingJune30- Quantity. Value. FiscalyearsendingJune30- Quantity. Value. 
, . Pounds. 
1867 ·-· ··············· ............... .. 
1868 ••••••.. •••••• ••• ••. ••• • • 1,442,142 
186!) ••• • • • . ••• • • . • ••. • • • ••• • • l, 442,576 
1870 . . • • . . . • • • • • • . • . . • • . . • • • • 566, 500 
1871 . • • • . • . • • • • . . • • . • • • . • . . . . 1, 329, 693 
1872 . • • • • • . . . • . • . • • • • • • . . . . . . 1, 109, 811 
1873 . • • • • • • • . • . • . . • • . . . . • • • • . 612, 116 
1874 .••..•••••..••• ·•••• ••• •• . 1,636, 33"; 












1877 ··•••· ..••••... • •.•••.••. 


























BY R. L. PACKARD. 
Increased utilization.-Within the last two years the useful proper-
ties of aluminum have become better known to manufacturers and the 
public generally through publications in trade a,nd other journalR, and 
this information has excited considerable interest in the present condi-
tion and the prospects of the manufacture of that metal and in the 
various applications of which it is capable. It is reported that a large 
collection of articles made of aluminum was shipped from England to 
Calcutta for exhibition in the latter part of 1883. This exhibit was 
said to consist of wire, pens, pencil cases, mil way-carriage .fittings, locks 
and bolts, harness furniture in great variety, chandeliers, cutlery, and 
ships' fittings, and sufficiently illustrates the various uses . to which the 
metal can be put. 
Aluminum is coming into use in the manufacture of alloys, such as 
aluminum bronze. In the United States it is being more ·extensively 
employed in making the lighter parts of such instruments as galvan-
ometers and other physical instruments used in scientific experiments, 
for delicate weights, suture wire, and in engineering, astronomical, and 
optical instruments. It isi sold a·s leaf in books, like gold leaf, for dec-
orators, at from 40 to 50 cents a book, and is being experimented with 
by manufacturers of jewelry. The amount made. in France in 1882 was 
2,349 kilograms. In Germany experiments are being made with it as 
a coating for iron, to be applied for ornamental purposes, and as an im-
provement upon tin plate. Its use is extending slowly but surely, its 
cost being at present the principal obstacle to its wider employment. 
The price of American aluminum. ranged from 75 cents to $1 per 
ounce troy in 1883, and from 50 cents to $1 per ounce in 1884, accord-
ing to quantity. In the fiscal year 1884 the imports were 554 pounds 
avoirdupois, valued at $7,463. 
Until recently the -aluminum sold in the United States was entirely 
of foreign origin, but it is now produced in thi couutry by a proce 
patented by Col. William Frishmuth, of Philadelphia, who turned out 
t,000 ounces of the metal in 1883 and 1,800 ounce in 1884. 
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It should be said here that the aluminum cap 'or apex of the Washing-
ton Monument was cast by Colonel Frishmuth. It is of pyramidal form, 
is about 10 inches high, its base is 6 inches on a side, and it weighs 100 
ounces. The metal of the apex has the following composition: 
Per cent. 
Aluminum . • . • • • . • • • • • •• . . . . . . . . . . • . . . . . . . • • . • . . 97. 75 
Iron............................................ I. 70 
Silicon .. . ........................... .,. ........... . 55 
100. 00 
Metallurgy.-The Frisbmuth process for extracting aluminum, as de- . 
scribed in the patents, differs from the French or Deville method in sub-
stance, as follows: The Deville process consisted essentially in convert-
ing alumina-into chloride of aluminum by passing chlorine through a 
heated mixture of alumina, carbon, and·common salt in a reuort, whereb~ 
the chloride was distilled off and was recovered, and then acting on the 
chloride by sodium on the hearth of a reverberatory furnace. Frish-
muth converts the alumina (in the form of corundum, bauxite, etc.) into 
fluoride by fusing the mineral with fluoride of sodium after a previous 
heating with fluorspar. The :fluoride of aluminum and sodium so ob-
tained is then powdered, mixed with carbon and with the chlorides of 
sodium and potassium, and placed in a retort with a false bottom. Con-
nected with this retort by a suitable pipe is another, into which he intro-
duces carbonate of soda, charcoal, and lime. On heating the retorts 
vapor of sodium passes from the retort containing the soda mixture, 
which must be at a white heat, through the mixture containing the flu-
oride of aluminum and sodium, and separates the aluminum. The ope-
ration is varied by converti:r~.g the :fluoride of aluminum into chloride and 
treating that with sodium vapor in the same way as the :fluoride. 
A statement has recently appeared in the papers that a method has 
been proposed for obtaining aluminum from kaolin by mixing ·together 
"zinc ore," kaolin, carbon, pearl ash, and common salt, and distilling 
off zinc and aluminum to be afterwards separated. . The description of 
the process given in the papers is, however, too vague to be clearly un-
derstood, and there is no statement of the amount of aluminum· pro-
duced in this way. 
Soldering aluminum.-A practical obstacle in working aluminum has 
been the difficulty of soldering it. A ]Trench alloy for this purpose is 
said to be composed of 45 parts of tin and 10 of aluminum, for pieces 
which are to be worked after soldering, while for other purposes the 
proportion of aluminum may be less. The following alloys have also 
been recommended: Silver, 10 parts; copper, 10; aluminum, 20; tin, 
60, and zinc, 30 parts. This alloy is said to be good for chains, etc., and 
can be used in blowpipe operations. For a solder to be used with the 
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common soldering iron, 95 to 98 parts of tin and 5 to 2 parts of bis• 
muth. The ''fuse" to be used is pa.raffine, stearine, vaseline, or balsam 
copaiba. The articles must be well cleaned, and the parts to be sol-
<lered must be heated enough to make the solder adhere. These form· 
ulas may be interesting to workers in aluminuD?, and may at least sug· 
gest lines of further experiment. 
Aluminum imported and entered for consumptf.on in the United States, 1870 to 1884 inclu-
sive. 
Fiscal ye11rs ending June 30- Quantity. · Value. Fiscal years ending June 30- Quantity. Value. 
Pounds. 
1870 ·-··-··················· .•..••...... 
1871 .•••••.••••• ···-·····-·· .•••.. ····-· 
1873 ··••·••••••• ...••• ...•.. 2 
1874 .•••.•• _ •....••••••••... 683 
~~+: :::::::::::::::::::::::: ~:~ 
1877 .••••• ·•••••···•••·••··• 131 
$98 1878 .•••..•••.. ·••••• ••·••• 
341 1879 •••. ••••••· ·••••· ·•·••• 
2 1880 .••••...•••.••••. ·•·••• 
2,125 1881 . ·•··••••· ·•·••· ···•·· 
1,355 1882 .. ·- ..•••••••••...... ·-
1, 412 1883 .•••••••••••..• _ ....•.. 

















BY DAVID T. DAY. 
Occitrrence._:zirconium is always found as th.e silicate, zircon, or 
rarely in the modified form called hyacinth. It occurs in crystalline 
rocks, and especially in granular limestone. Madison county, North 
Carolina, is the most noted zircon locality in this country ; the mineral 
occurs there in well defined crystals, which contain small amounts of 
iron. Only a few pounds have been obtained from the farm of Gen. 
T. L. Clingman, at Asheville, in this county, for purposes other than 
cabinet specimens. The finest crystals have been obtained from Canada. 
Moriah, in Essex county, New York, has also produced some good crys-
tals. Zircon Js also met with occasionally in Maine, Vermont~ Massa-
chusetts, Connecticut, and Pennsylvania. It has been found · quite 
freely at Franklin, New Jersey. · 
Experiments with a view to utilization.-It has frequently been pro-
posed to use pencils of the oxide of zirconium for producing an incan-
descent light. This oxide is very infusible, and when heated glows 
with a very white light. The obstacles to its use are, however, serious. 
It is extremely difficult to decompose the silicate and obtain the oxide 
from it. To purify this oxide is another difficult matter. Comparative 
tests between zirconia and lime for incandescent lights have shown that 
zirconia has the one advantage of not taking up moisture as lime does. 
In 1882 an effort was made to produce an incandescer1t electric light by 
inclosing carbon points in a cylinder of zirconia without access of air. · 
It was found by inquiry that only one-half ounce of zirconia could be 
bought in the United States ; epough was prepared in Baltimore and at 
Columbia College, New York, to use in the experiments, which. have 
not yet, however, been completely successful. It is more than possible 




Present status.-The value of the building . stone qu:1rried in the 
United States during the p~st three years is estimated as follows : 
1882. . . • • • . • • . . • • . . . . • • • • • . • . . . . . . . . . • . . • . . • • • • • . • • . . • • • • . . • . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . $21, 000, 000 
1883 .....•.•.•.••..•....••.••.. . •......... •.• •............... _..... ..••••..••.......... ....... 20,000,000 
1884 ....••...•...•••.•. _ ........•..•...•.•.•........••.......••••...... _............... .• . . . 19,000,000 
A complete canvass of the quarries is evidently impracticable with 
the means at command-the census investigation of building stones 
having cost many times the whole expense of the present work-and 
no e:fl'ort has been made in this direction. The foregoing estimates are 
based upon these considerations: The output during the census year 
1879-1~80 was placed at $18,356,055, the returns, how~ver, not in-
cluding qul:!irries yielding less than $1,000 worth during that year. As-
suming the census figure as nearly correct, with the qualification just 
stated, a fair estimate for 1882 could not fall below $21,000,000, and 
this was probably a very close approximation to the truth. A com-
parison with the census results is much less to be relied on for subse-
quent years, but the valuation for 1883 is placed at $20,000,000, not-
withstanding the known increase in building activity during that year 
· as compared with 1882, because of the marked preference for brick con-
struction, which more than offset that general activity. For 1884 the 
estimate is still more uncertain, but the general industrial decline, and 
the prevailing fashion in choice of building material, certainly reduced 
the value of the stone quarried, and the falling off may be roughly in-
dicated by the estimate, $19,000,000. However faulty these estimates 
may be, they at least express the opinion of the builders who have been 
consulted. 
Brick in a general way, pressed brick, and brick and terracotta work 
combined, especially on the Atlantic seaboard, have superseded stone 
to about the extent indicated above, and the change may be attributed 
in part to economical measures. Many architects and builders still give 
decided preference to stone where it can l>e used within the limits of 
proposed expenditure, the sandstones for dwellings, especially on fronts 
of rows of city houses, and the granite for large an<l imposing edifices. 
Marble a a building stone appears to have entirely gone out of fa hion 
in the neighborhood of New York City, and large quarries in tl.te adja-
cent county of We tchester are for the present practically abandoned. 
Similar condition, prevail in other portions of the conntry7 though the 
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Verruout marbles, dressing to a harder, smoother, and durable surface, 
retain a good market for trimmings, monumental work, etc. The blue-
stone of Ulster county, New York, has extensive use for building pur-
poses in the way of steps, platforms, sills, and lintels, in addition to a · 
liberal consumption for flagging, and is distributed over all parts of the 
adjoining States. 
The building stones of the eastern States have been minutely de-
scribed in Volume X. of the census reports. On page 453 et seq. of" Min-
eral Resources of the United States,1882," will be found a notice of the 
stones of the Rocky Mountain region, to which nothing need now be 
added. Mr. Yale furnishes the following notes, in continuation of ,the 
description given in the former report, on the Pacific coast building 
stones: 
Building stone on the Pacijic·coast.-The rocks most employed for build-
ing and similar purposes abound almost everywhere in the Pacific di-
vision, many heavy ranges of mountains being composed mainly of the 
more common kinds, such as granite, diorite, sandstone, limestone, slate, 
"porphyry," etc. The Sierra Nevada, the longest and loftiest chain 
west of the Rockies, consists almost wholly of granite. Very little stone 
is, however, obtained from the main range, most of the granite quarries 
worked in California being situated Oil the lower foothills of the Sierra, -
some of them at an elmration of only a few hundred feet above tidewater. 
While the principal granite quarries are locate_d in Placer county, Cal-
ifornia, on the line of the Central Pacific railroad, some granite is-quar-
ried in other parts of the State, this latter stone being mostly for local 
uses. The quarrying of granite was commeaced in California as early 
as 1853, large quantities from that time on being required for both pub-
lic and private buildings. Prior to that date several cargoes of granite 
were imported from. China, the blocks being already dressed ready for 
use. A number of stores were built in San Francisco from this material, 
all of which are still standing and in a good state of preservatio~. A 
few buildings were also at the same time, or a little later, constructed in 
that city, of marble brought from Vermont, none of these, so far as the 
stone is concerned, being any the worse from the lapse of time. Besides 
being much used in the construction of stores, warehouses, etc., granite 
in connection with cobbles and basalt blocks has been largely employed 
for street paving in San Francisco. A great deal of this stone has also 
gone into the fortifications. The light-house now in course of con-
struction · on Saint George's reef, on the northern coast of California, 
consists of granite obtained from a deposit recently discovered on Mad 
river in that neighborhood. The stone exists here under conditions 
that render it easily available, the whole face of the mountain b~ing 
covered with loose blocks of granite, some of which weigh hundreds of 
tons. A great deal of California granite is also being used in the con-
struction of the new dry dock at Mare Island navy yard, San Francisco 
bay. I1 the Pac·fic division1 outside of California1 not much has been 
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made of this stone, cheaper building material having usually been made 
to answer in its stead; this having been to a great e~tent the case also 
with the other useful stones, such as diorite, basalt, limestone, marble, 
slate, etc. A species of lava rock, soft and easily cut -when first quar-
ried, but which hardens when exposed to the air, has been employed for 
building in these western regions, especially where lumber is scarce. 
So also has sandstone for like purposes come into large use there, the 
branch mint in San Francisco, the great Mormon temple and the im-
mense building known as the Tabernacle in Salt Lake City, Utah, being 
constructed of this material. The sandstones of the Pacific States and 
Territories are of all varieties and colors, light drab, yellow, red, brown, 
etc. In a low range in central Nevada a sandstone is found which an-
swers well for the construction of metallurgical furnaces, some of it hav-
ing' been used for that purpose with excellent results. 
During the past year many samples of building stone were submitted 
to the architects of a dwelling to be built in San Francisco for a wealthy 
citizen. The investigation proved that choice building material was 
abundant, but that the cost of freight, etc., a:nd the lack of development 
of the quarries were against its use. It was the original intention to 
build with stone quarried in California. Samples from all parts of the 
State were submitted and over fifty of them were tested. A number 
were found to meet all requirements, among them being varieties of 
granite, marble, sandstone and brownstone, and " blacklog." But it 
was found that the cost of getting either of these stones to San Fran-
cisco in the desired shape would be so high that the same material could 
be brought from the eastern States at a much lower cost. For instance, 
it would cost as much to break out California marble and send it by 
rail as to bring marble by sea from Italy, while the latter stone could be 
· worked more readily. The fine Penrhyn granite was not selected be-
cause of similar reasons and a8 a matter of personal taste. Of brown-
stone there were two excellent samples, one from an island off the coast 
of Lower California, and the other from Solano county. In both cases 
the quarries required to be opened. A company was formed to quarry 
the '' blacklog" stone, which is of a bluish gray color and is found in 
Oregon ju t north of the California line. But in this case the building 
of 10· miles of railroad and a breakwater would be necessary. For these 
reasons it was :finally decided to obtain stone from the eastern States. 
The case was of course an exceptional one. 
Basalt, "trachyte," and other volcanic rocks are common in the far 
We t, tbe former often showing the columnar structure in great per-
fecti?n· Good building and roofing slates are also abundant, that from 
some localities being an excellent material. :E'rom the beds in San Ber-
nardino county large labs, thin, smooth, and straight can be readily 
plit. 
Be ide the numerous and extensive beds of marble in California 
and the other Pacific States and Territories this stone seems to occur 
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in great abundance and of good quality in Alaska. As early as 1867 
Prof. George Davidson reported finding on Barano:ff island, 10 miles 
north of Sitka, a large deposit of marble, which he descri0ed as being a 
pure white, finely crystallized stone, free from marks and stains, render-
ing it very desirable. Believing this to be a valuable deposit a company 
bas been formed in San Francisco to work it on an extensive scale. 
Imports and exports.-The following tables show the extent of the for-
eign commerce of the United States in marble and other stone : 
Marble imported and entered for consu1nption in the United States, 1867 to i883 inclusive. 
...., ' c...ai C...ffJ C...112 ,....,, .s ~ o.ld Q) Q.) Q)Q) Q.)Q) Q)Q) -d A.S ~..d ~..d ~..d ~..d 0 
0<:) 0 <:) 00 00 t 0 Q) .5.:l ·A ·A J-S i! 
c... s _s; Q•....C ~ i:q 0 ..., A ...,...., -,o 0 • Q.) Q) . .... 




Fiscal years end- a;,Q.) ~hi ~Q) Q) Total. ingJune 30- 112..d (Tl <fJ ~ 0 g_J UJ O (Tl ~...,j 'd ai i::, 112 rnQ UJ.p Q) !~] rr,.._,Q) ice~ ·i; ~-S Q) o A ~8~ ~~<:) §~ to~ ,8 A~ '-' A Q .£ t <N .'t;j•rl -,;:,•.-< -,:;;J ..... 't;j"'"" 'd,Q ~ ,d'~o5 ~ §'.i3 as§~ 15 §~ ,d'A~ Q.) ~-Q;>Q)UJ a.,~ A -~ ·o f:i:: ~ Q) ~<N-S ~co-S ~-,j,.s ..d ..., ~OA ~IO-.-. 
ls= 
0 
w. Cl] w. w. w. p- ~ 
- - - --· ---------------
1867. ··-·· . -- ....... --· .... ·--·· ... ·- -· ..... --· ...... -- ... . 
1~68 ··--·-. --··. --· . _ -···-· .••....... _ ... _ .. --·. -· .. --·· _ .. 
$192,514 $2,540 $51,978 $247,032 
309,750 4,403 85,783 399,936 
1869 .... ·- ......... ·--·. ·-· . - ... - - .. - - .. - . . -.. -· --- · ... · · · · 359,881 3,898 101,309 465,088 . 
1870 ..• :: .......••... -.· ..... __ .. __ . . . . . . . .. .. . __ . . . _ . . .. . 332,839 3,713 142,785 479,337 
1871. .•.. - ....... _. $5, 973 $168 $77 $44 $28 
1872 . _ - .....•... __ . 3, 499 1, 081 452 . __ . , . - . 318 
1873·····--····-·-· 3,124 21 ······-· ---··-·· ·--···-· 
1874 . ____ ........ _ 1, 837 . __ ...... __ ... _ ....... _ ....... _. 
1875·----··--··---· 1,456 427 96 ··-····· ·--····· 
1876 ..... _. _ .... __ . 595 . 126 204 87 .... . __ . 
400,158 1,134 118,016 525,598 
475, 7l.S 4,017 54,539 539,624 
396,671 4,148, 69,991 473,955 
474,680 2,863 51,699 531,079 
527,628 1,623 72; 389 603,619 
529,126 1,151 60,596 591,885 
1877------·--···-·- 2,124 ·--···-· ·---··-· ···-···· ---····· 
1878-----·····-··· · 198 11 8 ·-···--· ·-- · ·-·· 
1879 . __ •.•.. _. __ • . . 184 .. _ .. _ ... __ .. __ .. __ .. _ ... __ .. __ . 
1880 ·· ·-·· ··--·- ... ··-. ··-· . ·-· ·-·· . _ ... _ -· .. _ .. _ . .. --· ·- -· 
1881 . __ . .. __ ... _ . _ . 339 .. _ ... _ . . _ •..• _ . . _ ... _ . . . _ ... __ . 
1882 .• _ • _ •.. __ . • • • . 655 .. _ . . . . . . _ • . . . • . . .... _ . . . ...... . 
1873 .••• _ •.. _ .•.• _ _ ti19 . ___ . • . . . . _ ..• _ . . ••.. _ . . ___ .. _ •. 
349,590 1,404 77,293 430,411 
376,936 592 43,915 421,660 
329,155 427 54,857 384,623 
531,908 7,239 62,715 601,862 
470,047 1,468 82,046 553,900 
486,331 3,582 84,577 575, 145 
533,096 2,011 71,905 607,631 
In 1884 the classification was as follows : 
Valu~. 
Marble: · · 
In block, rough or squared, of all kinds ______ ....... ··-··· ...••• ·---._·····-. ___ ._-·--__ $511,287 
Ve~ed marble, sawed, dressed, or othei:_wise, including marble slabs and marble paving. 
tiles .. - .......... - . - -.. - . - - - . - . - . - ..• •• _ .•••• _ .. _ .. ____ •. _ •..• _ •••. __ .. _ •.. __ .. _ •.. _ . . . 12, 941 
All manufactures of, not specially enumerated .•••••.•••••.•.•. _ .••••.. __ •••.. ___ . _... . 67, 829 
Total. .. - - • .•.• - - . . - •. - -- -·· ..• - ••••. - • - ••••••••.••••• _ •• _ ••.••••• _ •• _ . _ .•••••.•. _ . . 592, 057 
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Building stone (exclusive of marble), paving stone, and stone ballast impoYted and entered 
for consumption in the United States, 1867 t<J 1884 incl,usit-e. . 
1 Building stone, rn <I) rough. 0 IZI .~ Q;) 
$,< Ao 'd .... 
<J;) Fiscal years p.,<P ori = ~ttf ~ 
<I) ending .s .@i = t6 .June 30- IZI cl) cl) ~ .El bl) t, = a, = .s 0 '5 s b.O ~ b.O ~ : :..: cl) ~ = ,,:, 
~ = 'd s ci:i <I) ·~ ce 3 :;:i 
~ = 
0 8 ~ = = ce ~ 0 ~ ce 0 i:q I:? rn fi.i ~ ll. i:q E1 ------
Long ton,. 
(i) 1867 ..•...•. · ------ ... -·----·----- ............ -------· $37,510 $85,204 ............. -------- ............. 
1868 ..•..... $59,081 . .................. . . .. ..... ····---- 16,045 118,776 ------·- $5,718 -- ---·· · m 
1869 . ...... . 61,408 ------------ $8,237 $4,171 19,602 85,364 ............ 467 $3,987 (9) 
1870 . ....... 150,619 -- ---- --- --- --··· ··· 3,201 19,879 107,521 2,034 10,518 (7) 
1871 .. ....•. 145,759 -1, 455 16,982 3,660 21,381 117, 48¾ -- ------ --- -·- -· 34,703 (i) 
1872 ........ 162,614 10,723 39,515 7,680 25,925 107, 192 $2,459 5,529 11,303 $362,217 
1873. ······· 218,236 20,226 73,889 6,160 26,643 91,503 1,486 3,788 17,143 438,848 
1874 . .. . .... 238,680 19,658 81,645 8,534 27,519 80,519 1,639 7,246 21,882 467,664 
1875 .. ...••. 275,633 15,748 67,357 10,986 42,022 16,342 2,023 2,017 9,025 425,405 
1876 ..•...•. 316,404 8,199 34,124 7,174 44,266 2,051 1,938 1,005 9,350 416, 312 
1877 ....... 201,034 7,584 25,571 5,492 34,479 4 1,705 485 6,272 275,042 
1878 ....... 153,693 10, 197 37,878 7,136 39,935 275 2,614 1,950 6,989 250,470 
1879 ........ 125,493 ll, 845 24,531 13,956 46,260 620 1,456 2,943 2,365 217,624 
1880 ... ... 75,501 11,035 43,997 JO, 220 51,165 · 72 2,560 2,383 7,572 193,470 
1881 .• ...... 76,741 15,867 65,950 15,115 46,862 2 1,990 3,799 5,401 215,860 
1882 ..•..... 104,296 16,778 75,369 ······- · 45,774 154 2,710 16,599 8,792 253,694 
1883 .. .. . ... 127,476 14, 32<1 6<1, 767 --- ----· 4<1, 375 2,813 1,841 2,629 5,745 249,646 
1884 ........ 122,463 12,198 50,860 ..... . ... 34,640 16,099 143 2,576 2,551 229,332 
Marble a~d ·- stone of domestic production exported f1·om the United States. 
Fiscal years ending 
September 30, 
until 1842, and.June Rough. 
30 since. 
1826 .••..•....•...•..••....... 
1827 ... ..••......••..•.. ·•··• · 
1828 . ••.......•...•..•...•..•. 
1829 ..... •• ..•...• . . ·•········ 
1830 . ........................ . 
1831. ••...•.......•........... 
1832 ......•..............•.... 
1833 .•••... ...... .. . ..•... .... 
1834 .••. ··•·•·····•· ..•... ... . 
1835 .••......... ..• .. ••....... 
1836 ..............•........•.. 
1837 ............. , •........... 
• 1838 .......... ...... ······ ... . 
1839 ...........•..•....... ···· 1 
1840 .....•... ................. 
1841. •.. .•. .•. . ......•....•.. 
1842 ..••.... •. .. . . ............ 
1843 (nine months) . ......... . 
1844 .••...... . ...... .. ...•.... 
1845 ..... .•..•.. .........•• ... 
1846 ... ... . ........ . ......... . 
1847 ..•..................•.... 
1848 ..............•. ·····•···· 
1849 .. ...........•.....•..... . 
1850 ..•...•........ . •.....•. . . 
1851. •. .... ......... ··•·•·••·• 
1852 ••........••......•. .•••.• 
1853 •••. . ....•....•. •••••• •··· 
1854 ........ ....... ········· · 


































































1857 ...•...•... . ............. 
1858 .......••.......•.. ······ 
1859 ........................ . 
1860 .•...........•........... 
1861. ..........•••. ·•···••·•· 
1862 .•.• ...••....•..•.... .. .. 
1863 ............... ······ .. . 
1864........... . ... $57,715 
1865. .. . . . . . . . . . . . . 74, 261 
1866 . .. . . . . . . .. . . . . 89, 703 1 
1867 . . . . . . . . . . . . . . . 53, 983 
1868 . ..... . . . . . . . . . 60, 399 
1869. . . . . . . . . . . . . . . 62, 266 
1870 . ... . . . . . . . . . . . 42, 227 
1871.. . . . . . . . . . . . . . 135, 672 
lS'.'2.... . . . . . . . . . . . 156, 976 
1873 ....... _ . . . . . . . 96, 735 
1874 . .. . . . . . . . . . . . . 126,669 
1875.... .. . . .. . . ... ]25, 968 
1876............... 95,480 
1877 .•••........... 131,716 
1878. ... . . . . . . . . . . . 142,661 
1879 . .............. 143, 457 
1880...... . . . . . . . . . 199, 051 
1881...... . ........ 220,362 
1882............... 180,774 
1883. . . . . . • • • • . . • . . 152, 182 
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. . 
Marble and stone, and rnanuf actures of rnm·ble and stone, of foreign production exporteil, 
from the United States, 1872 to 1884 inclusive. . 
Fiscal yea.rs ending June 30- Value. Fiscal yea.rs ending June 30- Value. 
1872 ..................... : ................. $1,929 1879 ........................... · ........... $6,36' 
1873. ... . . . .•.•.• .••• •• . ••• . • ... . . . . . . . . . . . 4, 571 }888801::::: :: : : :·: ::: : : : ::: : ::::: :::: :: :::: :: 6, ~~g 1874....................................... 1,928 
1875 ....................................... 3,428 1882....................................... 4,848 
1876 ....................................... 13,371 1883 .................. ~................... 490 
1877....................................... 8,475 1884·...................................... 8,420 
1878 ....................................... 3,448 
Summarizing the foregoing statistics, the movement during the fis-
cal years 1882, 1883, and 1884, may be stated thus : 
Balance of trade in marble and stone. 
Exports. 
Excess of 
Fiscal years ending June 30- Imports. Re:ex- imports 
O{ domes· port~ of iTotal ex. over ex· 
tic pro. foreign ports ports. 




1883 .................... .. ...................... . 
1884 ............................................ . 
$828,839 $614,430 
1,475,658 541,553 
821, 389 603, 260 
$4, 844 $619, 278 
490 542,043 




In addition to the domestic exports tabulated, there are occasional 
insignificant exports of roofing slate, amounting in 1871 to $1,256, and 
in 1881 to $1,018. 
BUILDING SAND. 
In the Atlantic States a large proportion of the sand used in building 
is obtained in the course of excavating for foundations, and the cost in 
such case may range as low as 50 cents per long ton. · When dug espe- . 
cially for the purpose, the average cost, exclusive of haulage, may be placed 
at about 75 cents per ton. This is of course higher in the West, where 
labor is dearer. Besides its use in mixing mortars and cements, in most 
large cities there is a considerable consumption of sand for corporation 
work on streets, where it is used sometimes to the extent of 1 cubic 
yard (about 1 short ton) of sand to 6 superficial yards of paving. In 
mixing mortar the usual proportion is saip. to be 9 or 10 per cent. lime, 
and the balance sand; with cement from natural rock from 25 to 40 
per cent. cement, and with foreign cements 15 to 20 per cent. cement 
and the remainder sand. The difference in the quantity of cement used 
is dependent upon the strength desired, _and mixers seldom agree as to 
exactly what proportions should be observed. In practice by no means 
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the attention is given to the sharpness of the sand that is recommended 
in the books. 
Imports and exports of sand and gravel. 
Fiscal years ending Jnne 30- Imports. Exports. Fiscal years ending June 30- Imports. Exports. 
1864 · ·· · ·············-'········ .•.••..... 
1865 .....•.•.•••.••• ·••·•····· .•........ 
1869 .... .••••••••. •.•••. ...•.. $12 
1870 ..••.. ...• .. .••• •. . •. . . .• . 65 
m~ :::::::::::::::::::::::::: :: m 
1873 .•..••.....••. ·•••·· ...... 081 
1874 ·········•••···•·••··•·•· · 813 
1875 . .... ·····•··· ...... ·--~-- 100 
$5, 109 1876 .•••.•••••.••••••.••.• •.•. •••••• • •• · 
9, 438 1877 . . . . . • • • . • • • • • • . • • . . . • • • . . • • · • • • • • · 
629 1878 . . • • • • • . • • • . . . . • • . . • • • • • . $31 
3, 983 1879 . • . . . . • • . • • . • • • . . • . • • • • • • 212 
7, 069 1880 ...•...•..••..•.. .•.•••... • · · · • • • • · 
5, 893 1881 .•.....•..•...•••••.•• • ·, · • • · · • · • • · 
11, 522 1882 ..••••..••••..•••• .••••••.•• • • · · · · 
13,802 1883 . • • • . . •• • • • . . • . . • . . . •• • .• 274 











It seems unadvisable to attempt a detailed description or even list of 
the numerous sources of lime in the United States. There is hardly a 
county in any State or Territory in which there are ·not one or more 
places where lime is burned, though the importance of the industry va-
ries greatly in different portions of the country. A. number of detailed 
reports on scattered localities have been received; but wa.nt of space 
and the irregular character of the information furnished· do not warrant 
their publication. 
The following estimates are based upon the known output of many 
of the more important districts and the opinions of dealers at trade 
centers: 
Estimated p'1·oduction of lime in the United States in 1882, 1883, and 1884. 
Years. Barrels of /ai~r:g:t Total value. 
200 pounds. kiln. 
1882 · · • • • • · · • • • · .• · • · · . • • · • · . • • . • . • . . • . . . . . . . . . • • • . • . . . . . . . . . . . . . . 31, 000, 000 
1883 · • · · · · · • · · · · .• · · · ·• • •• · ·.•.•••. . • . . . . . . • • • . • • • . • • . . • . . . . . . . . . . 32, 000, 000 
1884 · · · · · · · · ·• · · · · · • • · • • · • ....... :.. • . • . . . . . . • . . • . . . • . . . . . . . • • . . . . 37, 000, 000 
$0. 70 $21, 700, 000 
60 19, 200, 000 
50 18, 500, 000 
The considerable increase in the output of 1884 is due in a great 
mea nre to the development of new sources of supply, especially along 
the line of the Missouri and Mississippi rivers, and in Texas. The 
Hhrinkage in cost is simply the natural sequence of competition between 
an increa ed l\UID ber of manufacturers anxious to obtain a market1 
omewhat modified rates of production, and a condition of business 
affording con umer better opportunities to dictate terms than for many 
. ear prec ding. The inforruation received also leads to the inference 
that th addition to the supply has been largely of medium or poorer 
uality, and this important factor has been duly considered in estimat-
ing average value . 
ttME. 
The production of 37,000,000 barrels of lime presupposes the burning 
of about 6,600,000 short tons of limestone, without allowances for moist-
ure. 
Imports and exports.-The imports of lime are very small, as would 
be expected. The table of exports, derived from the custom-house 
records, does not segregate lime from cement ; and from the ratio of 
quantity to value it will be seen that the greater portion of the exports 
classified under this head must consist of cement : 
Lime imported and entered for consumption in the United States. 
Fiscalyearsending J'une30-Quantity. Value. FisQal yearsending June30-Quantio/. V11,lue. 
Barrels. 
1869 ......... ................. ······ ... . 
1870 ......... , .......... ······ ......... · 
1871. .................................. . 
1872 ................ ···•·· ............. . 
1873 .......... ····-·· : ... . . .......... · .. · 
1874 ......... ·····-·· ............. _ ... _. 











1877 ................................... . 
1878 ...... ···················· ....•..... 
1879 .................... ······ ......... . 
1880 ..................... · ..... · ........ . 
1881. ...•....•............•...... ..... : .· 
1882.................. . ....... 73, 093 
1883....... . .................. 76, 889 









Lime and cement of domeHtic protluction exported from the United States, 1864 to, 1884 
inclusive. 
Fiscal years ending June 80- Quantity. Value. Fiscal years ending June 30- Quantity. V11,lne. 
Barrels. 
1864 ..•....•••...•.... ········ ......... . 
1865 ......... ... ·········· ........ .... :. 
1870.......................... 31,-175 
1871. . . . . . . . . . . . . . . . . . . . . . . . . . 21, 575 
1872 • • . . . . . . . . . . . . . . . . . . . . . . . 89, 686 
1873 .......................... 27,878 
1874............. ... . . . . . . . . . . . 41, 849 
1875.......................... 64,087 











1878 .....•...•••.. ··-········· 
1879., ...... ·············· ·-·· 
1880 .................... . : ... . 
1881. ...................•..... 
1882 .......••••......... : ..... 
1883 ....••••...•••.•.••••..•.. 


















Limestone flux.-Limestone is used in large quantities as a flux in 
smelting iron and lead ores. No statistics of the consumption in lead 
smelti!1g have been obtained, but Mr. Swank has estimated the amount 
and value of- the limestone used in iron smelting during the last three 
years as follows : 
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The following table, prepared by Mr. John M. Hartman and published 
in the Bulletin of the American Iron and Steel Association, gives the 
value of limestone containing various amounts of silica, lime, and mag-
nesia. The basis of the calculation is magt;1esian limestone at 56 cents 
per ton and fuel at $3.50 per ton, b!)th at the furnace. The siliceous 
character of all American iron ores requires the use of twice the amount 
of limestone to each ton of fuel used in our furnaces as is required in 
fot'eign furnaces. The carbonic acid from this extra amount of lime-
stone burns away the fuel at the top (by Bell's E reaction), and is -one 
cause of the excess of fuel used in this country . . Limestone is a great 
heat absorbent, and an excess of it performs two things in the furnace: 
First, it purifies the iron from sulphur, giving a larger, darker grain; 
and, second, its cooling action prevents the reduction of silica to silicon, 
and therefore prevents the light color sometimes found in foundry pig 
iron. Magnesian limestone will remove phosphorus to a certain extent. 
f. 
Relative value of limestone as flux. 
Limestone. Magnesian limestone. 
el .~ d ·;;; ·.; 
d ci5 te 
o;, 
<Ii o;, <i, 
Q) al G) Q;) A d <Ii A d ci A Q s A Q 8 bl) A 0 bl) A .~ ~ 
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rn ~ I> 00 ~ ~ I> ~ I> ~ ~ ~ I> 
----- --- ---- - - -- ------------- - --
P.ct. P.ct. Cents . P.ct. P.ct. P.ct. Cents. P.ct. P .ct. P. ct. Cents. P.ct. P.ct. P .ct. Cents. 
0 55 57 0 37 16 64 0 4-1 12 61 0 45 8 59 
r 54 54 1 37 16 61 1 41 12 58 1 45 8 56 
2 53 51 2 36 16 58 2 40 12 56 2 44 8 53 
3 52 48 3 36 16 56 8 40 12 53 3 44 8 51 
4 51 45 4 35 Hi 53 4 39 12 50 4 43 8 48 
5 50 42 5 35 )6 50 5 89 11 47 5 43 7 45 
6 50 39 6 il4 15 48 6 38 11 45 6 42 7 42 
7 49 36 7 34 1.j 45 7 38 11 43 7 • 42 7 40 
8 49 33 8 33 ]!j 42 8 37 11 40 8 41 7 37 
9 48 30 9 33 15 39 9 37 11 37 9 41 7 34 
JO 48 27 JO 32 15 36 10 36 ]l 34 10 40 7 31 
11 47 25 11 32 15 84 11 36 10 32 11 40 6 29 
]2 47 23 12 31 14 31 12 35 10 29 ]2 89 
!I 
26 
rn 46 20 13 31 14 28 13 35 10 26 13 89 23 
14 4-6 17 14 30 14 25 14 34 10 23 14 38 20 
15 45 14 15 30 14 22 I 15 34 10 20 15 38 17 
Lime in glass-making.-Tbe use of Jime in the manufacture of glass is 
discussed by Mr. Weeks elsewhere in this volume under the head of 
" glass materials." Mr. Weeks e&timates the annual consumption of 
limestone in the glass works of the United States at about 3,500 tons, 
and of lime, 900,000 to 1,000,000 bushel~. 
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Production.-A careful estimate of the production of artificial (Amer-
ican Portland) cement, made by Mr. Henry S. Sproull, of the New York 
Real Estate Record and Guide, who has also furnished much of the in-
formation given under this head, gives the following results: 
Production of American Portland cement in 1882, 1883, and 1884. 
Years. 
Barrels Average Total . 
of 400 price per value. 
pormds. barrel. 
1882 .•••••••••••.•••••.•••••.••••••••••••..•••.•••••.•.....••••...•..••. 
1883 .•.•••.•...•.•..•••••••••••••••••. · ••.•••• • · •••• • • ••••••.••••••••• • · 










For cemep.t manufactured from natural rock the estimate is not so ac. 
curate, but will not be very wide of the mark, and where doubts have 
arisen between the adoption of an extreme or a more conservative indi-
cation, as developed through different sources of information, the mini. 
mum figure was selected. The results are as follows : 





1882 ••••••.••.••••••••••••••••••••••••.••••••••••••••••••..•••••.••. 3,165,000 
1883 ..••••••••••••••••.••.•••••••••••.•••••••••.••.••...•..••••.•••. 4,100,000 






$1. 10 $3, 481, 500 . 
1. 00 . 4,100,000 · 
90 3, 510, ooc 
The total production of all kinds of cement during the past three years 
has been as follows: 
Total p1·oduction of all kinds of cem&nt in the Vnited States in 1882, 1883, and 1884. , 
Years. Barrels. 
]882 .••••••.••. .• •.••••••..•..•••••.••.•••.••••••.••••••••.•••.••• .. .••.•••.••.. 3,250,000 
]883 .••••••.•••.•••••••..•.••••••••••••••••••••••••••••.••••••.•.•••••••.•.•• :. 4,190,000 





The product of Ulster county, New York, in 1883 was very close to 
1,800,000 barrels, and that of the whole State was 2,200.000 barrels. 
The product of Ulster county in 1884 ran down to about 1,650,000 bar-
rels, and that of the entire State to 2,000,000 barrels. 
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]lfan11facturing centers.-The leading points of manufacture for the 
United States are as follows: 
Localities. 
Artificial cement: . 
Egypt, Pennsylvania ...•.................. .............. - . · ·· - · - ··•· -· •·••••• •••· ·· ··••·· 
Coplay (near Allentown), Pennsylvania ................... -- .....• -- . • • • • · • • · · · · • • -- • · · 
Natural rock cement: 
Rosendale, New York .................••..........................••.••••••••.•...••••. 







gi4.~~t ;;~;: :: :;:::;; :;; :); : : :::::;;:;;:;: :;;;;:; ;;;;;: :: __ ............. : . 2 2 1 1 
Besides these, there are other works at Sandusky, Ohio; Kensington, 
Connecticut; Cumberland and Round Top, Maryland; Shepherdstown, 
West Virginia; 011 the James river, Virginia; Rockland, Maine; South 
Bend, Indiana; Fort Dodge, Iowa; Denver, Colorado; and Benicia, Cali-
fornia. 
Kinds made.-The rock cements made at the various points enumer-
ated are simply a hydraulic lime, grading quite uniformly as to quality 
and differing principally in color. The difference in price between arti· 
fi.cial and rock cements is indicated in the average rate per barrel, as 
given in the estimate of the value of the production. There is little dif-
ference, so far as known, in the production cost of the natural cements. 
Domestic cements are used for all ordinary building and foundation 
work, including submarine operations, and also find favor in the manu-
facture of paving blocks and surfaces as a mixture with the foreign ce-
ment. They were at one time used ·t,o a moderate extent in the produc-
tion of drain and sewer pipe, but with indifferent success . . 
Imports.-The s~eady growth of the import trade in c~ment is a mat-
ter of no little significance, and is best indicated by the following state-
ment of receipts at the port of New York during the years named : 
Imports of cement at New Yorlc, in packages of 400 pounds. 
Years. 
1877 ·····························--··············--····--··········· m: ::::: ::::::::: ::::::: ::::: ::: ::: :::::::::::: :: ::: : : : : : : :: : : : : : : : 
1880 ········•••••••••••••·•• •••·•••••••·•••·•••••· ·••••••••• ··•··•·· 1!!81 ..................................................... . ......... . 
1882 ··············•·••••••·••·••••·•••••·•·••··•···••·•············· 































Import have also been made at Boston, Philadelphia, New Orleans, 
and ome of the South Atlantic ports, and also at San Francisco a small 
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amouht is .tt3·exported. 1:he total imports ( classed as "Roman" cement 
at the custom-houses) into the United States since 1868 have been: 
Roman cement imported and entered for consumption in the United States, 1868 to 1884 in-
clusive. 
Fiscal years ending June 30- Quantity. Value. Fiscal years enclinf June 30- Quantity. Value. 
Barrels. 
1868 .••••...•.•••••••• ·•··· .•. •••·•· ... . 
1869 ..••...•.•.. ....... ••··••· .•..... · .. . 
1870 .........•...•.•.•......•..••••. · · · · 
1871 ...•••..•........................... 

















1879 ·······•·•··· ·••••· .•..•........... · 
1880 ........•.......•.........•••••.••.. 
1881 ... ····•••· ······ .••................ 
1882 . . . . . . • . • . . . • . . . . . • • . . . . . 370, 406 
1883 . . . . . . • . . . . . • . . . . . . . . . . • . 456, 418 
1884 • . . • . . . . . . . . . . . . . . . . • . • . . a585, 768 









With only one exception (a continental brand) the imported cements 
:a,re artificial. The average cost laid down on pier at New York City, 
per barrel of 400 pounds, compares as follows : 
Years. Per barrel 
1882...... .......... .......... ...... ........ ....... $2. 60 
1883 ...... .......•....... :.. .•.. ······ .... .. . . . . . . . . . 2. 70 
1884................ ...... .... ...... ...... ...... ... 2. 50 
. Of the imported cement it would be a liberal estimate to allow 5 per 
c:ent. for the fancy grades known as Keene's, etc., and as a rule brought 
ont only on specific orders. These are white cements of peculiarly fine 
quality, and used in the production of.terracotta trimmings, imitation 
stone work (marble in particular), extra hard finish for walls, etc. The 
ba1ance of the importation is composed of "Portland," a building ce-
ment well adapted to all general work, but especially a favorite for sub-
marine operations. It is also used largely in the preparation ·of patent 
pavement blocks and similar products of artificial stone. It has within 
two years found much favor in this country for cellar linings and the 
construction of silo pits for the preservation of fodder in the agricult-
ural districts ; and has universal consumption, urban, suburban, and 
country, in the laying of foundations for all kinds of edifices. The 
English.made cements come principally through the port of London, 
and are mainly produced in the immediate vicinity of that city. They 
arc made from the deposits of chalk and alluvial_ clays on the banks of 
tlte Thames and Medway, and are double silicates of lime and alumi~a.. 
The continental product comes from Norway, Sweden, Germany, Bel-
gium, and France. When kept well up to the standard upon which its 
reputation was established, foreign cement ranks superior to the do-
mestic article both in setting and lasting conditions, but competition 
and hasty preparation have led to the importation of a great deal of 
2MR-43 
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stock much below the pla~e of merit possessed by even the poorest of 
the home product, and it remains on band a worthless accumulation. 
In price the foreign article will average, delivered on pier, _from $1.25 to 
$1.50 per barrel more than domestic. 
R,ocky Mountain division.-In 1881 it was accidentally <;iiscovered that 
the lime burned from one of the limestone beds near Canon City, 
ColoraJo, possessed hydraulic properties, and experiments were begun 
with a view to the manufacture of cement. These experin:i.ents were 
continued, with but slight success on a-large scale. In 1882 works were 
built at Denver, and every effort was made to secure the most favorable 
results. During that year about 100 barrels of excellent cement were 
made, and freely tested in various ways. While the cement stood every 
test satisfactorily, only a small portion of the rock burned acted well, 
ovrr 90 per cent. being useless for hydraulic purposes. These experi-
ments were continued until finally complete success was achieved. In 
the first week in May, 1883, the first entire kiln of cement was turned 
out, and the company was satisfied of its auility to produce a cement 
almost equal to the best Portland. The works. and experiments cost 
about $30,000, and the capacity is now 20 barrels of 400 pounds net per 
day, or about 2,500 sacks of 100 pounds per month. The relative cost 
of the various brands of cement at Denver is as follows: 
Portland, per barrel of 375 pounds net ................... , .... . .............. .......... . $7. 00 to~- 50 
Louisville, per barrel of 265 pounds net......................................... . ... ... .. 4. 00 
Denver, per barrel of 400 pounds net . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 00 
During the latter part of 1883 the manufacture of cement by the 
Denver works was begun on a commercial scale, and an excellent prod-
uct has since been made. This is now the cement mos~ generally used 
in Colorado. It is used exclusively in the new post-office building now 
being erected at Denver, and for all the principal buildings in that city, 
as well as by the Denver and Rio Grande Railway. Its quality is said 
to be quite as good as that of the Portland cement. The works were 
closed at the end of 1884, on account of the small demand during the 
winter months. The limestone used by this company is taken from the 
"hogback" near Morrison. The calcareous marl used in the manufact-
ure of the Denver cement is obtained from the ,, hogback'' near Colo-
rado City, in El .Paso county. The production of cement by years has 
been: 
Production of cement in Colorado. 
Years. Barrels. 
1882 .•......... .. ...........••....•.........•.... 100 
1883.. ... .. . . • . . •• . . ... .. . .• . ••• . .. ... . .. .. .. .. .. 1,200 
1884 . •••.••••••. .•..•.•••••••••...•..••...•.•.... 2,500 -Total...................................... a, 800 
• 
Pacific coaxt.-At various places on the Pacific coast deposits of ma· 
terial for the manufacture of cement occur, but it is only in California 
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that they have been utilized, and to no great extent in that State. A 
deposit was opened in Oregon some years ago, but it was not . of an 
extensive character. • The most notable occurrence in California is at 
Benicia, Solano county, on Carquinez straits. Large quantities of 
cement were made there for some years, and the product was quite pop-
ular. A company was formed to work the deposit, since which time 
very little has been done, though in January, 1885, operations were 
being recommenced. From another deposit of hydraulic limestone, re· 
cently found near Niles, in Alameua county, some excellent cement has 
been made. In the southern coast counties several deposits have been 
found, but they have not been utilized to any extent. The largest 
amount of cement ever made in California was in 1872, when the Benicia 
works turned out 25,500 barrels. · There is an occurrence of cement at 
Santa Cruz, Santa Cruz county, which was worked for a time, and an 
extensive plant for burning the rock was put up. For the past few 
years, however, litigation and other difficn]ties have stopped the works, 
which are not now producing. None of the product was ever put upon 
the market. 
Large quantities of cement are used in California, but the State de-
pends almost entirely upon importations. The cement is used in the 
foundations of buildings and floors of basements, and with lime in mak· 
ing the various artificial stones. Only the best Portland cement is 
used for the latter purpose. In building the foundations and tubes for 
the beds of the cable railroads in San Fran~isco very large quantities 
of Portland cement have been used, the Market street road having re-
quired over 40,000 barrels to make the concrete. Both European and 
eastern cements are largely imported, the imports in 1883 and 1884 
having been much greater than ever before ; while during the past 
twenty years they have been as follows: 
Imports of cernent at San 'Francisco. 
Years. I Barrels. 
------------' 
1864 . ....... . .... . . . . ... .... . -······-···· 
1865 .......•..••••.••••.. · ····--····--··· 
1866 ..•..••..... • .. ·--·--- · ··• ·• ··· --·--· 
)867 ..... ····- .. ·- · · - - - -· · ·-· ----·· ..... . 
1868 . ......• •• . • ........ •..•....•.. ······ 
1869 ...•.•. . •....... • ... . •... ·•••· • ·•···· 
1870 . ......... . ...............•••..••.... 
1871. . ......•. •• ..••••....•...•... . .•.. . . 
· mt::::::::::::::: :::::::::::::::::::: 













1875 .•.•••.•.• . ••••••• ··••••·•••·• •••••. 
1876 . ....•...•• . .....•.......•.......••. 
1877 .....•.••....•.•...••••••••. .'. · .... · 
1878 .........••...•..•....•..•...•....•. 
1879 .......•.... ·•••·······•••••·· ..... . 
1880 .........••........••....•......• : . . 
1881. ....•....•......•...••...•.... .' ... . 
1882 .......•...•...•. . .•.•••... . .•...•.. 













As will be seen, this trade has inc;_reased very materially. Theim-
ports for 1884 were upward of 1,000 per cent. larger than for 1864. 
The imports for the past ten years have been 100 per cent. larger than 
for the first ten years of the foregoing table. The ·exports fr(?m San 
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Francisco are very small, amoufiting to on]y a few hundred barrels an. 
nually. 
A light brecciated rock was ·found in 1884 ,near Berkeley, Contra 
()osta county, which was claimed to be pozzuolana, similar to that used 
by the Romans for cement. Mr. Samuel Kellett made experiments and 
announced it to be a hard.setting cement, but subsequently reversed 
his opinion, further experiments being less satisfactory. Mr. Hanks, 
the State mineralogist, in his experiments failed to produce a hard 
cement. Others claimed to have found a method for doing so, but kept 
the details a secret. . A company has been formed to work the deposit, 
but so far none of the material has been placed upon the market. An 
analysis made by Mr. G. E. Moore js given below, and for comparison 
one of the true Roman pozzuolana: 
Silica ..•.•..•••.•••••.•••••••••••.•••.•.••..••••. ••••.•. •• ..••••••..•......... 
Alumina .••••• ~ •••••••••••.••••••••.•.••••••.•••••.••....••••..•••....•....... 
Li.me ...•••....••.•••••.••••• ••••.•.•••..••••..•••••...••••.•••• • .•.•••..•..... 
Magnesia ..•.••.•••••.••.••••...•••••••••••••••••••••••.......••.•..•......•.. 
Oxide of iron .••.••.• • •••.•••••.••.•..••••. . •••.....••..••••••.•....••••.....•. 
Potash .....•.•••••..•.....•...•••..•• ••..•••••. •..•....•...••......•.......... 
Soda ..•......•.•••........•.••••••.•••••.•••••..•....••• ••..•......•.......••. 
























There is a striking similarity in these analyses, if they are correctly 
reported ; and it may be that the Berkeley rock is really a pozzuolana, 
in which case it would be a very valuable material. 
The prices of cement in the San Francisco market on December 31, 
1884, were as follows : Portland cement, $3.20 to $3.25 per barrel; 
Eastern Rosendale, $2.15 to $2.25, with an active market and a latge 
stock of the former on hand; California building plaster, $3; Eastern 
casting plaster, $3 to $3.25; Eastern superfine, $4.50 to $5. 
CLAYS. 
BY F. A. WILBER. 
FIRECLA.Y AND POTTER'S CLAY. 
The following section is intended as a supplement to the brief one on 
the above subjects published in ~he 1882 report. It is a difficult matter 
to de cribe in any adequate manner the location of the clay deposit of 
the United State , or the magnit ude aud importance.of the irn.lu ' tries 
c nn r:ted with them. There i a great lack of authorities on the ub· 
j ct, a many of tbe State ba~e not yet examined their resource in 
this direction, and consequently little ha been published in regard to 
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these deposits. The reports of State geologists, in those States w1:ticb 
have conducted geological surveys, contain a large amount of . infor-
mation but much of it is not available in giving a brief review of the 
' subject, and statistical facts are very meager. In this paper the matter 
given is drawn from a variety of sources. . Much is obtained from U1e 
various State reports on geology. Especial acknowledgments are here 
made of valuable aid received from the following sources: 
"The Sixth Annual Report of the Bureau of Labor and Statistics of 
New Jersey," made by Mr. James Bishop. This report will be referred 
to as A. . 
'' The clays of Ohio and the industries established upon them," by 
Edward Orton, jr., E. M., from Volume V., Geology of Ohio. Referred 
to as B. 
"Report on the clay deposits of New Jersey," by Dr. George H. Cook, 
State geologist. This will be referred to as O. 
"Statistics of the· manufacture of drain tile in Illinois, compiled by 
the State Bureau of Labor Statistics," for 1883. 
"Report of the Secretary of internal Affairs of Pennsylvania," for 
·1883, Volume III. 
"Reports of the Bureau of Statistics of Indiana," for the years 1880, 
1881, 1882, and 1883. . 
Statistics are quoted from reports of the United States Bureau of 
Statistics, the Brick, Tile, and Metal Review, the Record and Guide, the 
San Francisco Journal of Commerce, the Engineering and Mining Jour-
nal, the Age of Steel, and various other journals. Information has also 
been received from Prof. Edward Orton, of Ohio; Prof. J.P. Lesley, Mr. 
Charles A. A.sh burner, and Mr. C. B. Scott, of Pennsylvania; Prof. G. 
C. Broadhead, of Missouri; Mr.John Collett, State geologist of Indiana; 
and many other sources of private information have been consulted. 
The report for the Rocky Mountain division was made by Mr. F. F. 
Chisolm, and tliat for California by Mr. Co G. Yale. 
The attempt has been made to give a brief review of (1) localities 
where clay deposits occur; (2) a list of articles manufactured from clay 
in the United States; (3) descriptions of the methods used in manu-
facturing the more important articles produced; (4) some notices of 
manufacturing localities, and such reliable statistics as could be ob-
tained. 
OCCURRENCES OF OLA.I DEPOSITS. 
District east of the Rocky mountains.-Few new fields of any great 
magnitude have been developed since the report issued for 1882, and the 
reader is referred to that for more particular mention of the occurrences 
of fire, common, and potter's clays. Large deposits of brick clay are re-
ported in Maine, around its seacoast and stretching far inland. They 
are very noticeable along the Kennebec and Penobscot rivers. The 
clay is suit~ble for ordinary orick, Some promising depoisit~ b,~ve 1?~~~ 
I 
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opened in Virginia, notably the one at Lip·sconib, Augusta county, which 
is producing both fire and potter's clays. At Birmingham, Alabama, 
deyelopments have been made. There are no doubt many other valu-
able deposits in the clay districts mentioned in the report of 1882, which 
will be developed as local demands cause search to be made for them. 
In B very particular mention is made of the clays of Ohio, and the same 
is true of the full report on those of New Jersey in O. These two vol-
umes, together with the notices in the different State reports, constitute 
the literature on the subject of clays in the United States, and all refer-
ence to localities, etc., in these two ~tates are quoted from them. 
Rocky Mountain division.-N o new localities have been reported dur-
ing 1884, and reference is here made to the descriptions of the deposits 
in this division given on pages 472 to 475 of the report for 1882. 
Pacific Coast division.-To quote Mr. Yale: "California abounds in 
clays adapted for making the coarser kinds of pottery as well as fire-
-brick, assayers' and chemists' wares, etc. It has at last been proved 
that the State possesses also a good porcelain clay, though the extent 
of tbe newly found deposits remains to be determined. The discovery of 
kaolin has frequently been reported in California, but not until recently 
have genuine deposits been found. In 1883 kaolin was discovered near 
the town of Calico, in San Bernardino county. While the quality of the 
material is excellent, and it occurs at several different points, the im-
portance of the find is yet to be established, being dependent on the 
quantity of the clay here to be obtained. The useful clays, of varying 
degrees of excellence, are known to exist in considerable abundance at 
the following localities in California, their presence having also been 
observed at many other places: at the town of Lincoln, Placer county; 
near Antioch, Contra Costa county; in the vicinity of San Francisco, 
Oakland, San Jose, and Sacramento cities; at _Michigan · Ear on the 
Cosumnes river; near Mokelumne Hill, Calaveras couqty; Calico dis-
trict, San Bernardino county; and at various places in Humboldt, Men-
docino, Napa, Sonoma, Tehama, El Dorado, Inyo, Santa Barbara, and 
Los Angeles counties." 
Analyses of Calffornia olays. 
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ARTIOLES MANUFACTURED FROM OLAY IN THE UNITED STA.TES. 
I. BUILDING MATERIALS: III. POTTERY: 
1. Stoneware. 1. Common building brick. 
2. Front building brick (pressed brick, 2, Earthenware (yellow ware, Rockingham 
molded, intaglio, or ornamental brick). 
3. Hollow brick. 
ware). 
3. Granite or ironstone ware. 
4. Glazed brick. 4. Whiteware. 
5. Roofing tile. 5. Porcelain (as part of mixture). 
6. Flue linings. . 
7, Door knobs and hardware porcelain. 
8. Terra-cotta lumber, 
9. Hollow tile, fireproofing, or castings. 
IV. ORNAMENTAL WARE: 
1. Encaustic tile, for walls and floors. 
2. Ornamental pottery. 
3. Ornamental terra cotta. 
li[. REFRACTORY MATERIALS : 
1. Firebrick. 
2. Gas retorts. 
3. Retorts for zinc works and for other metal-
lurgical purposes. 
4. Glass pots. 
5. Stove and furnace linings. 
6. Chemists' and assayers' utensils. 
V. MISCELLANEOUS: 
1. Sewer'pipe. 
2. Drain piape or drain tile. 
3. Flower pots. 
4. Garden border edging. 
5. Telegraph insulators. 
6. Well tubing. 
7. Receivers for acids. 
8. Water filters and coolers. 
9. Lamp stands. 
Olay is also largely used in furnace work for luting, for weighting and 
sizing paper, and in making alum. 
The above list illustrates the number and variety of articles made in 
the United States from the various grades of clay. The arrangement 
is, for convenience, under five general heads, but this classification is 
an arbitrary one. A single article might properly come under two. or 
more of these heads. The list is prepared from various sources, but 
particular acknowledgments are due to sources A. and B for parti~l 
lists. It is probably not a complete c~talogue, but is believed fo in-
clude all lines of manufacture of any great importance. 
METHODS OF MANUFACTURE. 
The following descriptions of the methods of manufacture are not to 
be regarded as invariable in detail in all the producing districts of the 
United States. It is believed, however, that the general' features of 
• manufacture are similar throughout the country, and therefore the 
methods described may be taken as typical ones. They are selected 
from official reports made on the industries in the different producing 
States, and chiefly from reports A., B, and C. 
Common brick.-There is a great variation in the quality of brick 
produced in different localities, due to differences in the clay used and 
to the care taken in manufac~ure. Clay carrying a farge amount of 
lime is generally avoided, as this would be made caustic ill' burning, 
and, upon subsequent exposure to the weather, would be hydrated and 
cause the brick to crumble. If the clay contains stone or iron pyrites 
it is carefully sorted after it is dug and these are removed. It is then 
exposed to the action of the air in order to weather it and cause it to 
become partially dry. The disintegrated and air-dried clay is next 
ground in roller mills and afterward mixed for use. The mixing gives 
uniformity to the brick, making them equally porous throughout. if 
the clay used is too "fat" it produces bricks which are liable to bend 
and crack, and which are not sufficiently porous. If too "poor" the 
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bricks crumble easily. The mixed clay is next taken to the molder. 
The bricks are molded by the workman upon a bench set before him, 
in a mold of sheet iron with detached bottom9 called the "stock 
board." The assistant sprinkles the bench with dry sand, and, taking 
a "clot" from the mass of tempered clay, roughly molds it with his 
hands into the shape of a brick. The molder takes this "clot" and 
dashes it into the mold. He then presses the clay into- the angles of 
the mold with his hands, and with the "strike," previously wetted by 
immersion in water, removes the superfluous clay. The brick is then 
thrown out of the mold ready to be taken to the drying-floor. In 
what is called slop-molding the mold is dipped in water to prevent the 
adhesion of the clay, and the bricks are carried in the molds to the 
drying-floor. It is said that a molder, with proper assistance, can make 
2,000 bricks in a; day. In many localities the molding is done by ma-
chinery. The molded bricks are set in the yard to partially dry in the 
sun, and are then stacked in the kilns for burning. The fuel used in 
burning. varies with the locality, but in the large producing districts is 
generally anthr,wite screenings. The time required for burning is 
from four to six days, where coal is used for fuel, and that for cooling 
down a kiln is about the same. 
Front building briclc.-The general operations · are similar to those 
followed in making common brick, but a better quality of clay is re-
quired, and all the operations are more carefully performed. Pressed 
bricks are produced by a combination of the .hand a-qd machine pro-
cesses. The molding is usually done by band, the green bricks being 
molded larger than the size required, and then compressed to it in a 
brick press. The molding sand is an important item in making the 
bricks, as their color arnl smoothness depend upon it. The molding, 
pressing, and drying are entirely done under cover, and the bricks are 
laid on their faces in drying, instead of being put on edge, as is done 
with common ones. They are. put in the kilns with great care, common 
brick being used to make the arches, and four or five courses of them 
being laid oYer the arches before the pressed brick are piled. The ends 
and edges of the kiln are also covered with pressed brick, and after it 
is filled common brick are put on the top. The firing is conducted 
slowly and witll.care, teu or twelve days being the usual length of time 
required, and when burne<.l the kiln is slowly cooled. After cooling the 
brick a.re sorted, and defective ones are rejected. 
Ornamental and intaglio brick are made in a similar mauner, the work 
be.ing maiuly done by !Jand. More care is required in stacking in the 
kiln and burning, a they become soft when the .firing begins, and are 
tbeu liable to lo e their shape. 
Glazed brick.-The ~ are manufactur d in Ohio and el ewhere. In 
Ohio, ac · -::ding- t B, "the manufacture of glazed brick i already at-
tra tinO' c gr at deal of intere t a,nd attention among architect and 
bllil r, , r h >rick are of various colo~s and are emplo ed to ma~. 
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symmetrical and · ornamental designs in building fronts. Very strik-
ing effects are obtainable through their use. The coloring must, of 
course, be put upon an ordinary red or light-colored brick, and the 
proper mixture of reagents to make a good enamel on a red clay is a 
question for pottery decorators to settle. Some colors are very easily 
obtained; the yellows are made by using a simple lead glaze on a cheap 
buff firebrick; blacks are made by a manganese and iron glaze; white 
and blue are the most difficult to make, a_s the strong red color, native 
to the clay, has first to be concealed l)y an opaque layer of white, which 
then is finished with a white or blue glaze; green is made·in the same 
way. In the most skillful use of tli.ese bricks only a few colors are em-
ployed, such as red, black, blue, white, yQllow, and possibly green, 
though all colors can be produced as well as those mentioned." .. 
Roofin[l tile.-Ordinary brick clay is used in making these tile. At 
the Akron, Ohio, factories the following method is in use (see B): "The 
grinding and tempering is done in tracers such as used for sewer pipe ; 
when tempered [the clay] is put into a horizontal cylinder, in which a 
piston is working; whatever is put into the cylinder i~ forced out, at 
the end of the stroke, in a series of pa,rallel plates, about 6 inches wide 
by three-eighths of an inch thick, and extending along untll cut up in 
lengths. Considerable oil is used to keep the clay smooth and to keep 
the freshly-pressed plates from sticking. These plates are adjusted, 
one after another, on a series of disks arranged on the circumference ot' 
a revolving circular disk. This disk moves through one-sixth of its 
circumference at a stroke, boring in succession each plate of clay spread 
out on its table under a compound piston. This piston is arranged to 
cut off the edge of the plate in a symmetrical shape, and then to press 
it into the required shape. . The pressed tiles are removed and set in 
piles to dry. Drying takes about two weeks in a steam-heated chamber, 
as the oil used in the pressing of the clay hinders the escape of the 
water. They are finally piled in loose order in a_ kiln, to a depth of 
about 6 feet, and subjected to a light burn. The kilns employed are cir-
cular down-drafts. The ware is of several classes. Shingle tile, which 
are more like shingles than anything else, are slabs of burnt clay 13 
by 6 inches by three-eighths inch, with holes in proper places for nail-
ing them to the roof. Their uses are as nearly like _those of a real shin -
gle as well can be. About 5 inches of each tile are exposed to the 
weather. The 'so-called diamond tile are rn~de to hook into each other, 
but are also supplemented by nails. They are m~re ornamental than 
the shingle tiles, but as they are more dependent on each other for sup-
port they are not so durable or strong. One of the chief objections to, 
a tile roof is its weight; a 10-foot square of plain shingle tile weighs 
about 1,100 pounds, and the same area of diamond tile weighs from 650 
to 850 pounds. The advantages claimed for them are durability, beauty, 
and immunity from danger by fire or lightning." 
J)oor knob~.-Tb~ foll<;>wing ipetp.Qq. i~ ~Jilployed at tb~. East Liver. 
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pool works, Ohio (see B): "The clays used are the native clays, 
mainly from the Low~r Kittanning horizon. There are two kinds used-
a light clay, the same as the yellow-ware clay of this district, several 
grades of which are mixed to get a good body; and a clay obtained to 
the southeast of Liverpool, which is naturally red, and which burns to 
a cherry-red color. These clays, to be properly prepared are put through 
a process called boiling~ The clays are put into a vertical cylinder 
about 6 feet in diameter, in the center of which revolves a rod carry-
ing stirring and cutting arms, arranged spirally. This machine, filled 
with the requisite amounts of water and clay, is set in motfon by horse 
power ; the clay is beaten to a thin mud 9r 'slip.' This is then run out 
in a fine stream into a slightly inc~ined, oblong box, the bottom of 
which is covered by a fine bolting cloth. The sand, coarse grit, etc., are 
passed over the cloth and out at the end to a receptacle provided ; the 
slip pasMs through into a large tank ; from here it is dipped as fast as 
needed into a large iron-lined !!an 20 feet long by 5 feet wide and 1 foot 
deep. A fireplace and flues circulate underneath the pan and evapo-
rate the water from the slip. One panful a day (about 5 tons) is con-
centrated. When removed from the pan the clay is as soft and plastic 
as it is possible to be ; it is piled up and covered with wet blankets to 
keep it tP.mpered. Each color of clay is of course made separately. The 
~lay when ready to use is next 'wedged.' A block of both colors, about 
12 by 12 inches by 6 inches is cut and sliced up by a wire into six or 
eight layers each; these are piled alternately into a new block 1 foot 
cube. This is then lifted and thrown down with violence to consoli-
date the layers ; it is then cut and welded again by a blow, and so on 
until the colors are marbled in fine alternating streaks. This clay is 
then molded into the _ requisite shapes by first wadding with the bands 
and then stamping in a die. The knobs are then laid on trays in a 
steam-heated chamber to dry, and when hardened somewhat are turned 
to a smooth regular face. They are then dried thoroughly and burned. 
The burning is done in seggars in kilns like those used in yellow-
ware manufacture." They are burned twice; once as biscuit, then 
dipped in glaze and burned again. 
l'erra-cotta lumber.-A kaolinite, or clay without grit, unmixed with 
sand or sandy clay, .is mixed with sawdust, worked by machinery into 
slabs, burned, sawed, and dressed, and in this condition is ready for 
market. It is claimed that it is indestructible by fire, water, frost, 
acids, gases, or age. It is a very poor conductor of heat, dampness, 
and sound, and is said to expand and contract but little under changes 
of temperature. Its weight is put down at one-half that of brick, two-
third that of marble or granite, and one-seventh that of iron ; aud it 
can be worked with edgetools, bored, and sawed, and bolds nail like 
timb r. 
Hollow tile, fireproofing, or casings.-This material is known under 
the e different naines in different localities. There are two kind -the 
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first made like terra-cotta lumber by admixture with sawdust, and the 
second of clay alone. The manufacture 1s essentially like that of fire- · 
oriek. It is used to incase beams aDd girders, to fill in partitions and 
ceilings, and to cover wood and iron work gen_erally in the construction 
of buildings. 
Firebrick.-While common brick can be made from the poorer grades 
of clay, containing such impurities as iron, lime, magnesia, soda, and 
potash, firebrick dema:nd a clay of great purity, and their refractoriness 
depends in a, large measure upon this purity. · The reason for this is 
evident, since if iron, -lime, magnesia, soda, or potash were present they 
would, at the high temperatures to which the finished brick is to be 
exposed, form fusible compounds with the silica present, and the brfok 
would be destroyed. Makers mix with such pure clay a certain amount, 
varying with the formula of the individual makers, of calcined clay and 
coarse sand or so-called feldspar. The clays and flint for the mixture 
being selected they are thoroughly mixed by grinding them together. 
This grinding is ·done in different ways in the dfaitricts. A common 
method is that in which the charge is introduced i;nto a large circular 
-cast-iron pan which revolves on an upright axis. Two or more iarge 
cast-iron wheels, which turn on a ho;rizontal axis, are put in the pan. 
As it revolves the wheels turn and crush and mix the clay. Water in 
proper amounts is introduced · during the operation, and the grinding is 
continued until the feeling of the mass shows the workmen that the 
proper consistency has been reached. After grinding the clay is 
molded, either by hand or machines, like common brick. The hand-
made brick are then pressed, in a -steel brass-lined chamber, by lever 
power. The machine-made ones are not pressed. 'The pressed brick 
are now dried, either in covered sheds in the open air or in chambers 
heated for the purpose. After they are sufficiently dried they are piled 
in the kilns, being separated from each other by layers of non-vitrifiable 
sand. The time required for burning is about six da~7 s, and the firing 
is conducted with the utmost care, as upon it the perfection of the brick 
largely depends. A low fire is used at first, increasing gradually until 
the proper temperature is reached. The fires are kept at this for several 
hours and are the:i;i drawn, and the kiln is allowed to cool for three or 
four days before opening. The kilns used are of various kin:ds, some . 
makers preferring up-draft and some down-draft, and their size de-
pends on the extent of business carried on. 
Gas retorts.-The clay used in making these retorts must be able to · 
stand st.rong beat without tendeney to soften, since they have to sus-
tain their own great weight and · also that of the charge they contain. 
Great care is exercised in compounding_ the mixture from whi~h they 
are made. The failure of a retort would entail a considerable loss aside 
from its own cost. Calcined clay is used in large am.ounts, but it is 
more finely crushed than for firebrick and requires a very good and 
plastic bond clay. The retort is shaped from the tempered clay by fill-
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ing the space between a large sheet-iron shell. and a wooden core. The 
shell is placed in position and the floor covered with clay 4 inches deep 
and tamped. The core is then i]Jtroduced and adjusted so that it is 
· separated from the walls on all sides by a space of 4 inches. The clay 
is then filled in in small amounts and gently tamped. When the retort 
is high enough, the core is withdrawn by a crane and the mouth of the 
retort is made by band. The shell, which is made in two sections, is 
then unbolted, and the finished retort is left standing on end. It is left 
in this position to dry for several" weeks and is finally removed to the 
kiln to be burnt. Burning is done in ordinary firebrick kilns, and 
bricks are piled about the retorts to keep them in place, and from sag-
ging. Retorts for zinc works and for other similar purposes are built 
in like manner. 
Glass pots.-Tbe following method is in use at the Ohio Valley Pot 
Clay Company's works at Steubenville, Ohio (see B): "The clays used 
are (1) Gros .A.lmerode, near Coblentz, Germany, for bond clay; (2) 
Christy clay, from near Saint Louis, Missouri, used for calcine and 
bond; (3) Blue Ridge, Missouri, clay, used for bond and calcine; (4) 
Mineral Point, Ohio, flint clay, used as flint and calcine; (5) old pot-
shells, used for calcine. The German clay is shipped as ballast in the 
holds of vessels, and hence transportation costs but little-much less 
than for the Missouri clays, in fact. It is an excessively fine-grained 
and h~avy clay and ts very plastic, making a better bond than any 
native clay. It comes in blocks 9 by 6 by 6 inches, which have to be pared 
with a drawknife and then broken and inspected and all irony spots 
removed, No pieces larger than a walnut are allowed to go into the 
mixture. The work involved in getting this clay ready for use is ex-
cessive, and it is the opinion of those at the works that it is much over-
rated. It is an excellent bond clay, it is true, but its refractory proper-
ties are excelled by the Christy clay of Missouri. These Missouri clays 
come in blocks either calcined or raw. They are pared and broken, 
but are not sorted over. They are washed before shipping, so that they 
are much finer than in nature. The Blue Ridge is the finer grained of 
the two. The Mineral Point calcined clay is not now largely used, be-
cause the extensiYe connections of the company allow them to get back 
their old pot-shells for calcine, which, being already in' the desired com-
po ition of the mixture, make a better calcine than any single clay. 
The e shell s are chipped with small hammers until no part of the sur-
face remain and only the clean interior is left. The charge is com-
po ed quite largely of calcine, with a little flint clay, and the remainder 
German and Mis. ouri bond clays. The mixture is ground in a dry pan 
aud ift d by a jig bolt, and the coarse part is reground. It is then 
pugg d five or ix time in succe ion and then i stored and blanketed. 
It r main in this tate until it ours and smells o:ffeu ively, which the 
men ·laim i n c 'ary to it proper working. It i wedged by band 
an i r ad · for u ·e. Tue pot are large tructures, a bout 5 feet high, 
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4 feet wide, and 4 feet long, bounded on top and sjdes by covered walls 
and on the bottom by a flat face. They weigh from 2,000 to 3,000 
pounds each, and sometimes as much as 3,500 pounds. They are made 
from 3 to 5 inches thick, with a thicker floor, and are each built on a 
flat platform covered with gravel, so · that air may circulate beneath 
them and dry them faster. They are built entirely by hand, small 
pieces being added daily, and are left to harden before another addition 
is made. Each builder, of whom there are four:, h~s on hand twelve or 
fifteen pots at once, on which be daily builds a little more, until at the 
end of three weeks or a month he fini_sbes them altogether. About sixty 
pots a month is the average output. They are dried from one to six 
·months-the longer the better-and are shipped on three-wheeled 
trucks, so that they are loaded and unloaded with ease and security. 
Each pot is worth from $60 to $75. The quality of the ware is excel-
lent, and it has a wide consumption among glass. workers." 
Stove and·furnace linings.-These are ordinary firebrick, molded into 
the shapes required. · 
POTTERY. 
Before giving the methods used ia manufacturing pottery it is ·neces-
sary to define the various kinds given in the preceding list, made in this 
country. The compact and concise definitions used in B are quoted: 
"Stoneware is the product of an unmixed natural clay, burned at high 
enough heat to oblige the impurities to combine with free silica; and thus 
, cause an incipient vitrification or fretting, without loss of shape: It 
should be impermeable to water without any glazing on it~ but it fre-
quently fails in this point. Its color is bluish gray and is due to com-
bined iron." "Earthenware is a product of very similar clays burned 
too l_ightly to vitrify the body or combine the iron; it is of a ye1low or red 
color, from the free iron, and is porous unless glazed." "China (the iron-
stone china made in this country) is a mixture of several clays with 
powdered silica and enough potash feldspar to make the body vitreous 
on burning. Porcelain is made in the same way, but in very different 
proportions of material; white ironstone china is thick and opaque; 
porcelain is often as thin as an egg shell and nearly clear enough to be 
called translucent. China is of a dead or bluish. white color, while por-
celain is of a creamy-white tint." 
Stoneware.-According to the census of 1880, Ohio is the largest pro-
ducer of this ware, and it is therefore fit that the methods in use there 
be given (see B): '' The operations are: (1) Wetting the clay; (2) grind-
ing; (3) wedging; (4) turning; (5) drying; (6) slipping; (7) burning; 
(8) sorting the product. In very many places the clay is put in a bin 
before using, and allowed to stand over night after drenching with 
water. This precaution iB well taken in small works, where horse pow-
er only is used in grinding; in the largest steam works it is unpecessa- . 
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ry. The grinders for stoneware clays are of several kinds; the simplest 
is a pugmill. The next machine has no specific name, but is the one in 
use in all the country potteries. It is a square frame pivoted on an .up-
right beam, which runs through the point of crossing of the diagonals, 
on the projecting ends of which are fastened cart wheels, which work in 
a circular trough beneath. The whole frame revolves by the motion of 
a large frame above, which receives its power from the horse or engine; 
the motion is slow, but py weighting the corners of the frame the wheels 
m their revolution manage to cut the clay to pieces quite effectually. 
Such a machine, which can easily be made by any village mechanic, can 
grind from 1,200 ·to 1,500 pounds at a charge, and will occupy about two 
hours in doing it. This amount of clay will make from 180 to 190 gal-
lons of ware. The clay, after grinding, is balled into large masses and 
wet-blanketed to keep until used. The grinding is done in the Akron 
district in steam mills called tracers. They are very efficient for stone-
ware clays, grinding about 1,200 pounds to a charge in from.sixty to one 
hundred minutes. The clay, after being ground, is put th:rough a pro-
cess called wedging" [see method of making door knobs for description 
of wedging]. "This treatment is supposed to eliminate blebs, or spaces 
in the clay, and any larger pieces of foreign matter. When wedged it 
is rolled up into wads or balls which have a definite weight for each kind 
of ware, and is then ready to be turned." Turning will be described later 
under whiteware. The articles made are crocks, fruit jars, jugs, milk 
pans, churns, etc. As fast as the ware is made it is dried. In small pot-
teries this is done in the sun, but in the · 1arger ones the ware is piled on 
shelves in a room artificially heated. The dry ware is next "slipped." 
This term means the covering of the ware with any wash or solution. 
The slip used with stoneware is made by stirring a very :fine-grained clay 
into water. The ware, when dipped in this, receives a thin coating of 
the suspended clay, and this coating, when heated in the kiln, vitrifies 
and gives a glassy surface. The color of the glaze depends on the com-
position of the clay used in the slip. That containing alkalies and alka-
line earths only with silica would give a light-,~olored glaze, while that 
containing iron would give a darker color. · 
Earthenware.-The character of the clays used in making earthen-
ware is nearly the same as that used for stoneware. In some places the 
same clay is made into both kinds of ware, the only differences between 
them being in the processes employed. General1y, however, the clay 
for earthenware should carry less sand and any iron present should be 
disseminated uniformly through it. The clay is allowed to slack in the 
air, after mixing, for a tinie sufficient to partially weather it. It is then 
washed. Various methods of washing are in use. The one given below 
is that employed to some extent in preparing pottery clays in New Jer-
ey. It is quoted from O: "Clay stirred · up in water will remain in 
u pen ion a long time, while san<l, grave], and 11odules of fron pyrites 
settle quickly. The finer the clay is the longer it will remain suspended 
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in water. Advantage is taken of this property in washing the clays 
and .freeing them from impurities. Washing bas the further advan-
tage, too, of bringing the clay to a uniform tint or color. As taken 
from the bank it may be streaked with brown, yellow, or red colors, or 
with all of these, but after passing through the washing process these 
colors are all blended in one uniform tint. .And by a proper selection 
of the white and stained clays a great variety of colors is produced. 
The apparatus for washing consists of a large trough or bin into which 
t~e clay from the bank is dumped, covered with water, and allowed to 
stand for twenty-four hours. · Other large troughs, in which long hori-
zontal shafts annexed with knives revolve, receive the clay. The knives 
are set at right angles to the shafts and are fastened in a spirai line, 
so that at every revolution of the shaft the clay in the whole length of 
the trough is thoroughly stirred up and mixed with the water which is 
constantly streaming into it. Large vats are used in which to receive 
the clay and water. These vats are made of puddled clay at the bot-
tom, which is then covered with boards. The sides are made of a double 
casing of boards filled in with puddled clay and backed up ~ith earth. 
They are nearly 4 feet deep. There are a number of vats, entirely 
separate from each other, which are intended for white clays and differ-
ent shades of colored clays. Each vat has also partitions or guiding 
boards in it which are so arranged as to cause the water with the sus-
pended clay in it to circulate between them and cross the.vat repeatedly 
before it reaches the farthest part, and·so that the clay may have time 
to settle and let the water run off clear at last. When the wash\ng ma-
. chine is 'in operation a constant stream. of water is run into it and is 
thoroughly mixed with the clay, which is thus divided into its finest 
particles and separated from its heaviest impurities, and only that 
\ 
which is fine and completely suspended in the water can run oft' into 
the settling vats. The process of washing any desired quality of clay 
is ca~ried on from day to day till the deposit in the vat is thick enough 
to handle conveniently and to furnish a supply adequate to the demand. 
The w~shing of clay is common in all kaolin districts where clays for 
ware or paper are obtained, and also at potteries as a further prepara-
tion for their use in the body of the :finest whiteware. These modes in-
volve various styles of machinery whereby the clay or kaolin is agitated 
with water, and th~n the clayey liquid is conveyed to a series of settling 
vats. There may be many modifications in the mechanical arrange-
ment of thes~ appliances for stirring the clay, as well as differences in · 
the size and forms of the vats. The wa.shed clay is allowed to dry in 
the vats on long exposure, or the water is pressed out of it by subject-
ing it to great pressure in bags. The latter method obviates the length 
of time required for drying in the open air and does not need such large 
vats." 
After the clay is pressed it is rolled in a wad, and, still in a moist and 
plastic condition, is put in a close room and piled, and covered with 
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blankets until it is used. The next step is "wedging" 01' "slipping," 
already described. After wedging, the clay is ready for the potter. 
According to A, '' there are three methods of fashioning the innumera-
ble and various articles made from clay. The first and most ancient is 
that of throwing, in which the thrower or jigger throws down a lump 
of clay upon the revolving table of his lathe. Using both hands he 
works the lump into the shape of a rude cone, and then flattens the 
mass within a few inches of the table, the object of bis operation being 
to force out any air bubbles that may remain in the clay. By means of 
bis bands and fingers, and referring continuallyto measuring sticks, he 
fashions the vessel according to a model or after his own fancy." The 
above is the method most commonly used in making earthenwarP;, but 
in this connection the remaining ones are given. They are mainly em-
ployed in making whiteware and porcelain. "Few jiggers are em-
ployed in our potteries [the Trenton whiteware potteries], the best ex-
amples of this art being found in the county earthenware potteries. 
Presswork is the method commonly employed. This work is done in 
molds made of plaster-of-Paris, one-half of the pat~ern being formed 
in one side of the mo]d and the other half in the other side. The 
two molding pieces are then accurately fitted together. Handles are 
molded separately and fastened on with slip. Handles of teapots, 
fluted solid rods, and all such slender ornaments, are made by forcing 
clay under great pressure through a narrow hole in the bottom of a 
piston previously charged with dough clay. As the thread of clay 
issues it is cut into suit.able lengths. From these pieces the ornaments 
are bent and fastened on with slip by the handlers. For articles of 
very irregular shape a method called casting is employed. The two 
halves of the mold are fastened together and slip is poured in until 
the cavity is quite full. As the molds are previously thoroughly dried, 
the absorbent power of the plaster soon abstracts the water and makes 
the coating of the clay next to it stiff and doughy. When the liquid 
is poured out this doughy coating remains. If each half has been cast 
separately, as is the usual practice, the halves are allowed tQ dry to 
the green or most tenacious state and are then joined with slip. The 
method of casting is that usually employed in molding porcelain. An-
other method of forming articles ju porcelain we may call the 9rush 
method. The dough is spread with a rolling pin upon a moistened 
sheepskin, and is transferred over the mo]d by lifting it carefully upon 
the skin. All pieces, whether pottery or porcelain, are finished upon 
the lathe when they have dried to their greatest tenacity. A moist 
sponge and a knife are the implements u ed in turning." 
The ware now being formed is next put in eg~ars for burning. Seg-
gar are ve el of. fireclay, in which all articles except the most com-
mon arth nware are burnt. They are made of clay slabs, roughly cut 
with < pade and worked with a mallet over an oval form. The bot,tom 
i put on eparately and the seggar i burnt before it is used. In 
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earthenware making the seggars are filled, the pieces being separated 
from each other by pins or cockspurs, and the covers are luted on: 
They are then piled in the kilns one above another. After the kiln is 
filled the openings are luted and the fire is started. The fl.re is started 
slowly and gradually raised; the fl.ring generally occupies about forty-
eig~t hours and about the same time is required in cooling down. When 
cool the seggars are removed and the biscuit taken out. This biscuit is 
very porous and when dressed of all rough prominences is ready for the 
glaze. The seggars, if uncracked, are used again. Both the New J er-
sey and Ohio potteries use New Jersey ftreclay for-- seggars. "The 
theory of the glazing of pottery is very simple, but in its application lies 
the excellence of one ware over another. There are certain substances 
that have the property of fusing llnder heat in the presence of free silica 
to a clear, transparent silicate, of which glass is the type. To make a 
potter's product useful it must have its tendency to absorb liquids re-
moved, which is done by wetting the biscuit ware with a substance 
which will fuse to a clear glass with the silica of the clay and give a 
smooth, imperishable finish to the work." There i~ a large range of 
bodies chosen to do this work, notably the alkalies, borax, lead, etc. 
The glazes applied to yellow ware are usually made as follpws: Portions 
of litharge (PbO), flint (SiO2), spar (potash feldspar), and Paris white 
(Ca0O3) are mixed in a grinding vat with a t,hin slip of pure clay. This 
last is necessary to keep the heavier bodies from settling out. All the 
elements being well incorporated the mixture is transferred to the glaz-
ing trough and used; beat, of course, on such a mixture (silica and lead, 
potash, and lime, with a little clay) would immediately produce a very 
fluid, clear glass. Sometimes the carbonate of lead is used instead of 
the oxide, but the effect is the same. These are the main elements of 
a yellow-ware glaze. The special proportions used are kept secret by . 
each potter, and oven the constituents by many, though these may 
easily be determined by looking over the list of bodies which would ex-
ercise the desired action. Some glazes will crack over. the surface of 
the ware and greatly disfigure it, and a change of proportion or working 
is necessary to correct this tendency. Rockingham ware is the same as 
yellow, except in color; the addition of a large amount of manganese 
oxide is made to the ordinary glaze, and the ware, first given its ordi-
nary glaze, is then sp:rrnkled or "spaddled" with the manganese glaze. 
This, on burning, colors the otherwise clear glaze to a beautiful brown, 
running to black. " Self-rock" or brown ware is made by the use of a 
manganese glaze over the whole surface, instead of sprinkling it. 
liFhiteware and porcelain.-To quote Mr. Orton again: "The main dis-
tinctiou between the yellow ware and whiteware manufacture is in the 
preparation of the clay ' body.' This ' body' or mixture of clays, flint, 
and spar, to be used in the molds, is the great secret of each estabJish-
ment. Usually not more than one or two men in the works know it. 
The clays chosen are selected with reference t.o plasticity, shrinkage, 
2MR--44 . 
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liability to crack, color, etc.; . in a mixture at least one light clay is em-
ployed, and the aim is to keep the mixture of clays as lig·ht in tjnt as 
may be and still secure the other qualities necessary. The flint is used. 
in the :finest state of division and is perfectly white, as is also the spar. 
The body mixture of kaolin alone would, if heated, be liable to crack 
without apparent cause and would be infusible at the heat applied. By 
adding silica, which sometimes forms nearly one-half the mixture,· the 
body is very much whitened and the cla.y is much more like a stoneware 
clay in composition, and is prepared to vitrify on heating, but because 
of the purity of the reagents there is nothing present to cause vitrification 
with the free silica. Should this body be burned all tendency to shrink 
or crack would be gone, but the bond would be very slight which would 
hold the mass together; a blow on a thin edge would give a dull wooden 
sormd, which well illustrates the lack of close union of the particles. 
By adding spar (which is powdered orthoclase, containing 14 per cent. 
potash) the mixture is complete; the color is corrected by the. flint, as 
well as the tendency to shrink and crack, and with the presence of the 
spar the burning immediately causes a thorough vitrification of the 
whole mass to a homogeneous solid with a slightly glassy fracture. .A 
blow now would give a clear ringing sound. .As there is necessarily 
some small amount of iron in the clays used, its yellow color is usually 
counteracted by the use of a very little cobalt. The blue and yellow 
colors really unite to produce a green, but this color has not nearly so 
strongly marked a character as either of its constituents, and escapes 
observation." 
The process of preparing porcelain paste is much the same as that em-
ployed for whiteware paste. The grinding of the feldspar, chalk, bro-
ken porcelain, etc., which enter into the composition of the paste, must 
be well done and all particles of iron, mica, and other foreign substances 
must be removed. The ingredients are mixed either in the form of slip 
or in the dry powder, the latter being the least convenient method but 
most accurate. The composition of the best Sevres porcelain is-
Per cent. 
Silica. . ................ _........................ 58. oo 
Alumina. .••.•.....•.•....••••..•.....•... _.... 34. 00 
Lime.......................................... 4. 50 
Potash .............. : . . . . . . . . . . . . . . . . . . . . . . . . . 3. oo 
99. 50 
I 
The methods of mixing and forming the ware have already been de-
scribed. The placing in the kiln and firing are the same as in earthen-
ware; but only a single article of porcelain paste can be burnt in a seg-
gar, and the bottom of the seggar must be sprinkled with infusible 
quartz to prevent adhesion between it and the porcelain. After :firing 
the bi cnit i ready for the glazing. 
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,, The glaz-es us~d in whireware are much more complicated than fot 
yellow ware and require perhaps the most skillful work of all to get 
just right; there is more value placed on the composition of a good glaze 
than any secret about a pottery, even including the composition of the 
body. The constituents and way of mixing a,n ordinary gfaze are as 
follows: Proportions of borax, or boracic acid, or both, witb flint, spar, 
clay, an<l Paris white, are mixed while dry and put into a seggar, which 
has been previously coated with a wash of flint. This precaution is 
necessary because the liquefying of the glaze would allow some of the 
iron from the seggar clay to color it if it were not protected by the pure 
silica. On heating, the mixture becomes a clear glass, which i:s called 
'fret.' This fret is ground up and mixed with fresh proportions of Paris 
white, carbonate of lead, flint, and spar, and is put into a grinding pan 
or vat lined with French buhrstone. In this it is ground into a thin 
slip of pure, white clay, as something of this sort is necessary to incor-
porate the heavy parts of the mixture and keep them from settling out. 
The most common difficulty met in glazing is the tendency of the pol-
ished surface to crack or 'craze.' This is due to a lack of adjustment 
between the coefficients of contraction of the body and glaze, and in the 
proper adjustment of this point lies the hardest problem of the potter. 
Other troubles are also known; if a seggar leaks or admits air while 
hot, it causes the ruin of everything in it, for the sulphurous gases of 
the kiln immediately attack the hot lead silicate, causing a sulphide 
:film to form on it, which is black and unsightly. 
"The whit6ware made in our potteries is graded as: (1) Ironstone 
china; (2) majolica; (3) '0. 0.' ware, a grade of whiteware made -from 
poorer clays and theaper and inferior. China differs from majolica much 
as yellow differs from Rockingham ware, in finish and glazing only. The 
glazes used in majolica are applied after the first o~ body glaze, in a 
soft, pasty state and in · dabs, which would presage a very rough ap-
pearance when finished; but on heating they melt and flow over the 
ware, making an effective play of color. The colors used are in the glaze 
and differ from all other styles in being neither beneath nor above it." 
In the decoration of glass, pottery, enamels, etc., "the coloring agents 
employed are the metallic oxides, these being the only bodies whose 
coloring effects would last at the temperature used. The forms in which 
these oxides are used are called enamel paints, and are mixtures of the 
requisite oxide with suitable bases and fluxes, so that, on heating, the 
latter unite to form a glass which receives its color from the accompany-
ing oxide. The oxides in commonest use are cobalt, blue; nickel, yel-
low or brown; iron, black ; manganese, brown or violet ; chromium, 
green; copper, red; tin, pink; tin and gold, purple; silver, or uranium, 
antimony or carbon, different yellows; zinc, opaque white; and gold, 
purple." There are several well-marked styles of pottery decoration 
now used, sucb. as pain.ting, striping and hand-painting, and printing. 
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The decoration is usually placed upon the already glazed ware, but some 
underglaze work is done in the Trenton potteries. 
China clay, or kaolin, is used to a considerable extent in making cheap 
pigments and as a weighting material or adulterant. 
Ornamental terra cotta.-The clay used is a gritty, plastic one, and no 
special care is taken in preparing it, save that it is thoroughly ground. 
Terracotta proper burns in the kiln to a hardness that gives the arti-
cies, when struck, the ring of iron. The clays used ~re more or less 
largely colored with oxide of iron. According as this is· present in 
greater or less color the ware produced is red, buff, or brown in color. 
When single pieces are required the molder makes his design in clay, 
which is dried and fired. When a number of similar ornaments are 
wished molds are prepared in plaster. The clay is pressed with the 
hand into the mold, and the objects are afterward :finished by hand. 
The burning of real terracotta should be done in a closed chamber, so 
that the ware is not in contact with the fire. The objects to be burned 
are placed in tiers, the layers being separated by :firebrick. Terracotta 
is used for making chimney tops, outside and inside ornamentation 
for buildings, lawn vases, statuary, etc. 
Encaustic or enameled tile.-..¢\.ccording to B, "this ware is manufact-
ured in only three places in the United States at present, among which 
the works at Zanesville were the first to be established, and their wares 
have attained as high a grade of perfection as any." "Our best tiles 
are as good as the best of the English and French, but the average of 
foreign tile~ exceeds the average of the home manufact,ure. The clays 
used are of many kinds." The body clays are found near Zanesville, 
but parts of the mixture are obtained from abroad. "In making col-
ored clays the effort is to obtain a clay as nearly right naturally as pos-
sible, and then to correct it with the necessary reagents, rather than to 
undertake to establish a new color in a clay. The process in outline is 
as follows: The clays are washed or beaten up to a sHp in a 'blunger,' 
and while in this state the necessary metallic oxides are added to color 
them. The slip is strained and evaporated to a paste in iron-lined tanks. 
The paste is stacked up in open cribs in a tight steam-heated room, and 
the clay is there retained until perfectly dry. It is then reduced to 
powder and uniformly moistened, but so slightly that it is not percepti-
ble to the hand, and in this state it is molded. Each kind of powder, 
though probably indistinguishable in appearance from others, has the 
elements in it which will develop its own color. The simplest tiles are 
made from clay of one color, and the process consists in stamping so 
much clay powder into a confined space, and consolidating it by enor-
mou pre sure. Next come those tiles made of two-colored clays; the 
fir t stamping makes the body, but leaves indentations in its surface, 
into which the second clay is put and this is pressed into place; the 
tile i then craped to get a cleanly-drawn line of both colors and again 
stamp d with a fl.at die .. The most complex tile show six col r on 
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their faces, and have a band of a seventh kind of clay running through 
the center to keep the complex mixture from warping. They are dried 
in steam-heated closets for as much as six weeks after forming, in order 
to insure their perfect dryness before burning. The burning is done in 
seggars, like chinaware, and with fully as much care." "The tiles are 
sold in the biscuit state, or are glazed, plain colored, or majolica." 
Sewer pipe.-Ohio produces more of this pipe than any other State, 
and the following methods are used there (see B): '' There are two 
quite well-marked ways of making sewer pipe, which lead to their 
classification usually as the river process (that used in the Ohio valley 
in Jefferson county) and the Akron process (used at Akron and Colum-
bus.)" In the river process the grinding and tempering are done as in 
the manufacture of firebrick, but the clay is dried, ground, and screened 
before going into the wet mill. " When the clay has been ground, sifted, 
and tempered it is usually elevated by a belt to the upper story of the 
works, and deposited in a bin beside the top of the press. These 
presses are the most P.xpensive part of a sewer-pipe plant." ~hey are 
~f different kinds, but all act on the same general principle. "The 
press consists of a large steam cylinder upon a high iron frame ; the 
piston runs into a second cylinder of much less diameter situated be-
neath it; this is called the mud-drum or mud-cylinder, and into it the 
clay to be pressed is introduced, and from its lower end is.forced out as 
pipe by the preRsure from the upper or steam cylinder. The piston at· 
the upper limit of its stroke leaves a passage into the inside of the mud-
drum, near the top, which is closed as the piston moves farther down. 
Into this opening is shoveled the tempered clay. It is tempered so dry 
that it may be shoveled with perfect ease and it has no tendency to stick 
together by contact alone, though it does so readily by pressure. The 
cylinder being filled with clay, the piston•is given steam and moves 
down slowly, consolidating the clay and expressing the inclosed air 
through small holes in the pi~ton bead and the cylinder bottom. When 
the clay begins to issue through these holes the pressman knows that 
the clay has filled the shape_ of the cavity perfectly; and as the bottom 
is a movable one, it is ioosened and dropped upon a balanced platform 
close beneath it. The platform under the weight of the cylinder head, 
which is so shaped as to form the pipe, is just counterbalanced and by 
any pressure can be moved up or down, carrying the socket shaper on 
its top. The bottom being pushed out of the way continued pressure 
from above causes the pipe to issue. When enough has come out it is 
· cut off by a rotary knife from the inside and the separated length of pipe 
is carried away either on a cart or in the hands. It is next sponged and 
pared to smooth it. The pipe is shaped by being forced out between 
the wall of the mud-drum and a conical core which is suspended from 
higher up in the drum. This cone parts the clay evenly on all sides 
and causes it to leave the press in an even, regular shape and thick-
ness." 
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'' The heat used in sewer-pipe burning is only that necessary to 6,et a 
good salt glaze; about one barrel of salt to a kiln is required. Coal is 
the fuel invariably used. The :finished pipes, after some coating, are 
stacked up in piles ready for i:;ale. The fittings which go with the pipe, 
such as curves, elbows, traps, Vs, and Ts, and all the other specia.1 
shapes, are made by hand in plaster molds." 
Jn the .Akron process the clay used is very different and the grinding 
is done in machines called '' tracers." "The ground clay is shoveled 
into a squeezer, either of the screw or piston type, and it is concentrated 
into a long, compact cylinder about 6 or 8 inches in diameter. This is 
cut into lengths of about 15 pounds weight and is fed to the machine in 
this shape. From this results the worst trouble of the Akron pipe; the 
stiffness of the clay and the large, well-compressed wads in which it is 
fed act together in keeping the clay from uniting in a homogeneous 
mass." The making of the pipe . is done in the presses already de-
scribed. The kilns used for burning are similar to those used in stone-
ware manufacture, and the burning requires about six days. 
Drain pipe or tile.-Almost any clay that will make a good l)rick caw.· 
be used for drain pipe. The cla,y is wet down after being dug and then 
ground. A common form of grinder has two parallel horizontal rolls, 
which revolve toward each other, a small space (about a quarter of an 
inch) intervening between them. "On the surface of these rolls are 
sm,tll, gradual depressions and elevations which are arranged on both 
sides of the center as spirals toward either end. Any particle of hard 
matter half an inch in diameter will not catch on the smooth, slippery 
roll, but by the spiral motion of the alternating ridges and depressions 
will be carried off on eitlrnr side and dropped into an appropriate recep-
tacle, while all clay and soft matter is crushed and deposited on the 
belt which runs underneath, the machine. On this belt it travels to the 
auger machine, into which it is delivered. 
'' The grinder is ruu at high speed and has no trouble in cleaning 
enough clay for one large machine to use. The auger machine consists 
of a cylindrical shell of iron plate, insid~ of which works a screw or 
auger. A hopper at one end catches and collects the clay as it comes 
from the grinder, and it is dropped upon the revolving screw; it is 
caught up and carried forward and is soon forced out at the other end 
tllrough the orifice in the die. The machine has a set of dies of from 2 
inche to 13 inches and can make any sjze at will. Besides the circu-
lar tile, by alterations in the die, :fireproofing, square tile, perforated 
briek, etc., can be made. There are a great many styles of aug_er ma-
chine in u e. The shaped clay issuing from the machine is cut into 
length and put on the shelves of an elevating belt. It is received on 
the upper floor and et on end on the drying floor . . " The tiles are 
\hen <lried ~nd burnt. 
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LOO!LITIES OF MANUFAf:TfJRE, AND PRODUCTION STATISTICS. 
It is not possible to give the statistics of production of the various . 
articles mentioned in the precediug list or to mention all the localities 
where the different manufactures are conducted. According to the 
~ensus of 1880, the value of articles manufactured in the. United States 
from clay during that year was over $40,000,000, and over 75,000 men 
were engaged in their manufacture. The :figures of this census do not,_ 
however, represent tbe present production of the country. · There has 
been a great increase in production in ~any lines of manufact~re, and 
these figures do not approach present facts. As illustrations of this the 
following comparisons will be instructive: 
In 1880 the value of the manufactured products, including common 
brick, :firebrick, pressed brick, tile, drain tile, and miscellaneons arti-
des in the State of Illinois was given as $3,065,300. In 1883 the same 
State produced drain tile alone valued at $3,960,958. In 1880 the entire 
production of drain tile in the United States was valued at $1,765,428. 
New Jersey is credited in 18$0 with producing, under the same heads 
• given for Illinois, articles valued at $1,672,533. In 1883 her production 
was valued at $2,936,047. 
Numerous other illustrations might be given, but the above examples 
.show the growth of these industries during the three years immediately · 
following the census. 
Following the arrangement previously given, the notices of, manu-
facturing localities and such statistical information as is obtainable are 
as follows : 
EASTERN DIVISION. 
Common brick.-The distribution of clays suitable for common brick 
is so wide and they are so generally made in all the States that no ex-
tended notice can be made of the localities producing them. Most of 
our large cities and towns have neat them places of manufacture to 
meet the local demand. The figures given below are nearly all obtained 
from various State reports for 1883 and previous years. While they do 
not give any definite 111formation as to the total production, they still . 
show tliat of some of the more important districts and give some idea 
of the magnitude of the industry. 
In 1880 the total production of common brick in the United States 
was 3,822,362,000. In 1880 New York produced 575,996,.000 brick. In 
- 1883 New York produced as follows in the Hudson Rivf>,r district: 
Production of common ,brick in t ,ie Hudson River district, New York, in 1883. 
Localities. 
Haverstraw .....•.................. 
Verplanck's Point .. . ............•.. 
Fishkill ....... . . . ... . ..... __ ...... . 
New Windsor ...•.......... . ....... 
Rondout ........••...•............. 
Glasco .•...•..•..•.•..•...•••.•.... 
Catskill .......................... _. 
Number 
produ.cetl. 








Hudson .. . ........•..... . .. . ...... 
Athens .......................... . . 
Coxsackie ... . .. . . . .............. . 
Between Coxsackie and .Albany .. . 
Between Albany and Troy ........ . 








658. 146, 000 
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There are 142 yards in this district. Its production in 1884 is esti-
mated at 775,000,000. The.. production for the remainder of the State is 
large, but :figures cannot be given. 
Production of common brick in New Jersey during the year ending July 31, 1883. 
Localities. Number of brick made. Value. 
Hackensack river . . . . . . . . . . . . . . . • . . . . • . . . . . • . . • • • • • • • • • • • . . . • • . 81, 500, 000 $220, 500 
Raritan and South rivers. . . . . . . . . . . . . . • . . . . . • • . • • • • • • . • • . . • • • • . 84, 000, 000 588, 000 
Raritan bay and Matawan creek . . . . . . . . . . . . . . . . . . . . . . . . . •• • . . 18, 000, 000 126, 000 
Trenton and Kinkora . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . 82, 900, 000 898, 200 
Delaware river, Pea shore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 000, 000 64, 000 
Camden county and South Jersey (a) . .. . . . ... . . .. .• . . .. ...••.. 6,000,000 42,000 










Total. ................................................... _ 1-1-86-,-40-0-, 0-00-1--1-, 4-8-0,-7-00-t---1-, 9-05 
a Estimated. 
The production of common brick in New Jersey during the calendar 
year 1884 is estimated at 225,000,000. 
Production of common brick in Pennsyli,ania in 1883. 
Counties producing largest amounts. 
Number of Number of Hand!! 
lil:!~~ts. Wages. brick made. employed. 
:t!;~h~~! '. : : '. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Dauphin .... ..................•..... . .................. 
Philadelphia ..... .................................... . 
Total for the State ..................•.•................ 
8 $65, 557 19, 873, 000 
81 25, 772 11, 580, 000 
8 · 50, 496 10, 250, 000 
89 800, 962 176, 752, 000 






The production of common brick in Pennsylvania in 1884 is estimated 
at 325,000,000. 
In 1880 Ohio produced 296,224,000 brick, and had from 375 to 400 
establishments. In 1884 the production was not less than 325,000,000. 
Production of common brick in Indiana. 
Years. 
1879 (b) ..•......••..•.•.. .•.....••••...•........ 
1882 .•. . ··•••• .•. . .. . ·•·•·•·•··••••·•••··•··••· 
1883 .......................................... . 
N~~t~t~ofl Capital Value of Hands Wages. 
lishments. employed. product. employed. 
406 448, 200 995, 810 
173 846, 550 993, 425 
396 861,872 2,170,277 
t :~ . $859: 870 
3,012 
b Estimated; evidently too high. 
The Di trict of Columbia produces annually about 100,000,000 brick, 
and in 1884 the production probably reached 120,000,000. The clay 
beds at Wa hington are in a continuation of the clay belt which extends 
through eastern Pennsylvania down through Delaware, Maryland, the 
District of Columbia, and northern Virginia. Brick made from thi 
clay are noted for their great hardness and cherry-red color. 
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Pressed b,rick.-According to the census of 1880 the total number of 
pressed and ornamental brick made in the United States in that year 
was 210,815,000. These.brick are largely manufactured at Philadelphia, 
Baltimore, Washington, Chicago, and Milwaukee. The pressed brick 
made at Philadelphia and Baltimore are made f::-om the clay contained 
in the belt just mentioned. Ohio produced 10,365,000 in 1880, her chief 
center of manufacture being Zanesville, Muskingum county. 
Hollow brick are made to some extent in the Raritan River district, 
New Jersey, and glazed brick are made in Ohio. 
Roofing tiles are manufactured at Akron and Cincinnati, Ohio, the 
largest works being at Akron; and also on the Raritan river, New 
Jersey. 
Door knobs, hardware, porcelain, and telegraph insulators.-These arti-
cles are chiefly made at works which produce whiteware pottery. There 
are two establishments at East Liverpool, Ohio, which make them, and 
several more at Trenton, New Jersey. The Liverpool works turn out 
about 30,000 a day. 
Terra-cotta lumber.-The only establishment, so far as reported, pro-
ducing this material is at Perth .t\mboy, New Jersey. It has not been 
successful as a business. venture. 
Fireproofing or casings.-A large amount of this material is manufact-
tured in Middlesex county, New Jersey. The casings made here are 
used in the construction of buildings in New York and adjacent cities. 
Pennsylvania produces a large amount, and considerable is made at 
Toronto and Columbus, Ohio. 
Firebrick.-Pennsylvania, Ohio, and New Jersey are the three States 
producing the largest amounts of these brick. In 1880 Pennsylvania 
produced more than any other single State, and Ohio ranke9-.next, pro-
ducing 19,878,000 in that year. Ohio made about 25,000,000 firebrick 
in 1884. During the year ending July 31, 1883, there were made in New 
Jersey 20,500,000 firebrick, valued at $508,250, and 600 men were em-
ployed in the mannfacture. For the calendar year 1884 the output is 
estimated at 20,000,000. No complete returns can be given for Penn-
sylvania for 1883. Tile chief centers of the industry in that State are 
in Allegheny, Berks, Cambria, Centre, Clearfield, Lehigh, Beaver, Phila-
delphia, and Somerset counties. In eighteen counties of the State there 
were in 1883 forty establishments making firebrick, employing 1,729 
hands, and paying out $664,994 as wages. The number of brick pro-
duced cannot be given with exactness, but would exceed 55,000,000 in 
1883 and reach 50,000,000 in 1884. · 
Retorts and glass pots.-At Steubenville, Ohio, is a large factory de-
voted to glass-pot making, and there is one other in the State. In ad-
dition several glass works using these pots in large numbers make their 
own supply in that State. In New ,Jersey glass pots are made at the 
glass works, and the same is probably true of the Pennsylvania, glass 
district. There are two factories making gas retorts in Ohio-one a• 
Cincinnati and the other at Dover. 
--~~-------------~-~------. 
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Stoneware and earthenware.-The -manufacture of these different wares 
is widely distributed throughout the United S~ate~. Potteries produc-
ing ordinary stoneware are to be found in all regions producing clays, 
and local demands are largely met by them. Earthenware is not so 
generally manufactured, the principal points of production being in 
Ohio anrl New Jersey, where it is made in connection with the white-
ware manufacture.· According to the census of 1~80, there were in 
the United States in that year between 600 and 650 potteries mak-
ing stoneware and e:irthenware, producing annually about $.3,000,000 
worth. The largest amount is made in Ohio. The centers of the stone-
ware manufacture in this State are at Akron and Roseville, while 
earthenware is chiefly made in Columbiana and Hamilton counties. 
In 1882 Ohio produced stoneware valued at $205,995. Her earthen-
ware potteries, nine of which are located at East Liverpool/ one at 
Wellsvilie, and several at Cincinnati, produced in the same year goods 
valued at $419,000. Pennsylvania produces large amounts of stone-
ware. The statistical report of the State for 1883 does not furnish the 
data necessary for a complete statement of the production of this indus-
try, but from the partial facts given it appears that in 188; there were 
in the· twenty-one counties that produce the largest amounts 39 pot-
teries, employing 683 men, to whom wages amounting to $231,0~:3 were 
paid. The. value of wares made is not given in all the counties. In 30 
of the potteries the value of ware is put at $441,535. The counties pro-
ducing most largely were the following: 
Production of stoneware in the leading cowntie-8 of Pennsylvania in 1883. 
Counties. 
Beaver ............................................. . 
Cambrio. ................................ . ........ . . . 
Chester ............................................. . 
Greene . ....................................•.•.•.... 
Philadelphia. . . . . . . . . . . . . . . . . . . . . • ................ _ . 
establish· Hands em- amount paid annual pro 
Number of Total i Value of 











$83; 330 $167, 000 
6,800 I 18,000 
33, 'iOO j 81, 800 
18, 433 . . . . . . . . . 
66,300 I 142,600 
The census of 1880 rates the States engaged in manufacturing these 
wares in the following order, according to amount of capital employed: 
Ohio, New Jersey, New York, Pennsy 1 vania, Massachusetts, Illinois, and 
Maryland. The more probable arrangement would be Pennsylvania, 
Ohio, New York, New Jersey, Massachusetts, Illinois, and Maryland, 
as in the census rating whiteware is also included, and Ohio and New 
Jersey produce this largely. 
Whiteware.-There are only two States which produce any consider-
able amounts of ironstone china, whiteware, or porcelain. These are 
Ohio and ew Jer ey. The indu trv in Ohio is carried on chiefly at 
East Liverpool, with a few potteries ~t Wellsville, near Liverpool, and 
several at Cincinnati. In 1883 there were thirteen firms u ing sixty· three 
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kilns at East Liverpool, two firms a,t Wellsville, and a number at Cincin-
nati. The potteries in New Jersey, are all at Trenton. In 1883 there were 
twenty-three firms, using one hundred and ten kilns, making ware there. 
_ The census of 1880 gave· $;;,000,000 as the annual value of goods of this 
grade made in the United States, and the number of kil_ns employed was 
put at about two hundred. Tlwse figures did not, include decorated ware 
or printed goods, but covered plain white, C. C., and ironstone china 
only. Of this amount Trenton is to be credited with about $3,725,000 
worth, East Liverpool $800,000, Cincinnati and other points the re-
mainder. In 1882 the value of whiteware, etc., .produced in Ohio was 
$1,250,400, of wJiich East Liverpool produced about $800,000. The fol-
lowing table shows the production in New Jersey in 1880 and 1883: 
, Production of whiteware in New Jersey. 
Years. 
1880 .•.. . ....•.. .. . .. . -----· ------ · - · --· -- - ---· ·· : ···· 
1883 .•••.•.. . . . . · · · ······-- · --·--·-·-··--·--·----··--· 
Wholenum- C . 1 ber persons ap1ta em- Wages paid. Value of 
employed. ployed. product. 
3, 195 . . . . . . . . . . . . $1, 225, 775 $2, 936, 047 
3, 250 $2, 990, 000 1, 577, 000 3, 725, 000 
Most of the whiteware made in these States is of the cheaper grades, 
and undecorated; but there is an increasing production of finer wares 
and decorated goods. At Trenton, potteries which three years ago em-
ployed two or three decorators now employ from twenty to fifty, and 
quite a business bas grown up in decoration by those who do not manu-
facture the ware. The same is true of the Ohio potteries. The clays 
used at the Trenton potteries are a mixture of the kaolin of Delaware 
county, Pennsylvania, and similar clays from the State of Delaware, 
with the plastic clay of Middlesex county, New Jersey. The Ohio manu-
facture is an outgrowth of the yellow ware manufacture, and. dates back 
only to 1873. All the materials for whiteware used in that State are 
brought from other States, no clays being yet developed there suitable 
for the purpose. The kaolin beds of Chester county, Pennsylvania, 
Maryland, Delaware, Indiana, Missouri, Virginia, and South Carolina, 
all furnish some material, and much clay for the cheaper wares is brought 
from New Jersey. 
Encaustic tile and ornamenta.l pottery.-Ennaustic tile are at present 
manufactured in only three places in the United States-at Zanesville, 
Ohio; Indianapolis, Indiana; and Perth Amboy, New Jersey. ·The 
Perth Amboy pottery produced in 1883 tile valued at $100,000 on an 
inve8ted capital of $78,000, and employed 130 persons in t.he manu-
f.lcturr. The amount produced at Zanesville and Indianapolis is not 
reported. 
There are several potteries at Trenton, New Jersey, which make 
,ornamental pottery. Some of it is highly artistic, and will compare 
favorably with the work of foreign potteries. The same is true of the 
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ornamental work produced at the George Ward Rockwood pot.tery of 
Cincinnati, Ohio. Both molded and turned wares are made here in 
antique and modern styles ; the decoration is overglaze, underglaze, 
and smearglaze; and vase gilding is also done. 
Ornamental pottery of the best grades is now made at Baltimore, from 
the clays of Howard and Anne Arundel counties, Maryland. The pot-
tery is said to be quite equal to the best made in Trenton or Cincinnati, 
and several features of the establishment are unique in this country. 
The temperature obtained in the kilns is much higher than that of tho 
English kilns, and the resulting ware has a fine vitreous body. Much 
attention has been given to coloring this body, producing many orna-
mental effects without the use of paint. In the final decoration under-
glaze, as well as the usual colors, has been used with good effect. A 
variety of real Parian porcelain has been produced which is new in this 
country, and bas attracted attention both here and in England. The 
paste is said to be as pure as the finest old Sevres biscuit; it has a char-
acteristic creamy tint, and is very translucent. , Some articles of fine 
tableware have been made from this paste in the form. of egg-shell por-
celain; it has been chiefly used, however, for ornamental figures in re-
lief. Although this development of ornamental pottery at Baltimore is 
quite new, its importance can be judged from the fact that 1,000 plaques 
of one particular style have lately been ordered for the English market 
in comp6tition with ware from the Wedgwood potteries. 
Terra cotta.-N ew Jersey produces the largest amount of these goods, 
and next comes Ohio. Considerable is made in Boston, and some at 
Baltimore and Chicago. In 1883 the three leading works in New Jer· 
sey produced common and architectural terracotta valued at $438,000. 
The capital invested in these works was $325,000, and 432 persons were 
employed by them. For 1884 tbe value of the terra cot.ta made is esti-
mated at $450,000. A large amount is produced in the clay uistrict on 
the Ohio river, in Oliio, chiefly the common kinds. 
Drain tile.-Illinois produces the largest amount of drain tile made 
in any one State. Large quantities are also made in Indiana and Ohio. 
New Jersey produces considerable, and Pennsylvania also is a producing 
State. It is made wherever the drainage of the surface of the soil is 
demandeJ and suitable clay can be found. 
The statistics for 1884 of the Illinois drain-tile industry are as follows: 
Statistics of the drain-tile industry of Illinois in 1884. 
Number of counties in which drain tile WaFJ manufactured . ................................ 75 
Number of factories............ . .. . ....................................................... 536 
Amount of capital employed ............. .•.................. : ............................. $3, 7M, 000 
Number of employes. .. .......... . ......... ............ ...... ...... ...... ...... ..•... ...... 5,4G5 
Amount paid in wages during the year.................................................... $1,434,163 
Average number of months in operation.................................... ..•••.... ..... 7 
Total Talue of tile made .........................••••..•••••••••... _ •....••••.. _.... . . . . . . . $3, 960, 958 
Whole number of tile made .... . .... _ ..... _ .•...••...•.. __ ..•...•• __ .....•• _ •..... __ • . . . . . . 176, 962, 82J 
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The production of Indiana is reported as follows: 
Production of drain tile in Indiana. 
Yea:i;s. 
1879 ........... ........... ............................. . 
1880(a) ................................................ . 
1882 .................... ............................... . 





























It is thought that in 1884 there was a general slight increase in the 
production of drain tile. 
Sewer pipe.-In 1880 the State producing the largest amount was 
Ohio; next came New York, then Missouri, New Jersey, Illinois, Penn· 
sylvania, and Indiana. It is estimated in B that the value of -the an-
nual product of Ohio is $3,000,000, and that New York produces an-
nually about $1,500,000. In 1883 New Jersey produced pipe valued at 
$388,000. It is reported in general terms that there was a small in-
crease in the production of sewer pipe in 1884, but definite figures for 
the several States are not obtainable. 
ROCKY MOUNTAIN DIVISION. 
The manufacture of clay goods in the Rocky Mountain division is 
almost wholly confined to Colorado., and the establishments in that State 
are located at Golden and Denver. They make several grades of :fire-
brick, fine silica.lime brick,pattern brick for furnaces and furnace arches, 
muffles, crucibles, scorifiers, and other articles for similar uses. All the 
:firebrick used in the various smelting works of Colorado and New Mexico 
are made either at Golden or Denver, and the quality of the muffles, 
scorifiers,. and crucibles made there is acknowledged to be fully equal, 
if not superior, to the imported Battersea goods, and they have grad· 
ually usurped the place of the latter in the assay offices of this region. 
No statistics of the production of firebrick, muffles, etc., are avail-
able, and the consumption of :fireclay by the works at Denver and 
Golden could not be ascertained for the years previous to 1880 except in 
one case. The following table gives the amount of clay used, by years, 
in tons of 2,000 pounds. Previously to 1880 the Denver Fireclay Com-
pany, of Denver, used 1,500 tons of clay in manufactures. 
Fireclay used by the Colorado works. 
Works. Location: 1880. 1881. 1882. 1883. 1881. 
--------------1-----1·----------
Cambria Brick and Tile Company...... . • • • . . Golden. . . . . . . . . . . . . . 2, 000 3, 000 3, 000 500 
G. A. Duncan & Co . ........................ .... .. do . . . .. . . 4, 000 6, 000 9, 000 10, 000 12, 000 
Golden Brick and Coal Company ................. do ....... 5,000 4,500 960 750 1,200 
Denver F~recl~y Company . . . • . . . . . . . . . . . . • . . Denver . . . . . 1, 200 1, 200 1, 500 1, 200 3, 200 
Denver Fll'ebrick Company ............. . .. ...... do ... . . . . .. . . . . . . . . . . . . .. 4, ooo 1,600 ....... . 
Total ......•..•........................ ·I· ... ...... .... lo,200 ~70018,46013,850 ~ 
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The number of firebrick made in 1882 at Golden is estimated at 
2,500,000~ and the total value of all the products of the industry at the 
same place at $167,000. 
There are two pottery establishments in Colorado : the Columbia 
Brick and Tile Works at Golden, and the Terra Cotta Works at Denver, 
owned by Mr. Thomas Moulton. These works manufacture drain tiles, 
of the best quality, pavement tiles, and large quantities of sewer pipe. 
Both works also make flower pots, hanging baskets, jars, jugs, and 
many other forms of earthenware. The entire local market and the 
demand in the adjoining towns is supplied from their products. 
Firebrick and crucibles are made at Helena, Montana, from a clay 
found near by, to supply the local demand of the smelting and roasting 
furnaces of Helena and Butte, but no statistics of the amount of' wares 
produced here were obtained. 
PACIFIC COAST. 
Mr. Yale reports as follows for U,.ilifornia: '' Although clays, of 
varying excellence, are widely and plentifully distributed, there are 
not over a dozen potteries being operated in the State, the products 
of which are mainly of the coarser sorts of crockery, such as stone 
ja,rs, jugs, and crocks, flower pots, and vases ; ironstone, sewerage 
and drainage pipes; fire and subirrigation tiles, stove and flue liniugs, 
well tubing, water :filters and coolers; acid receivers and chemists,-
and assayers' utensils ; :firebrick, terra cotta, etc. Tableware or other 
better descriptions have not yet been manufactured. These estab-
lishments employ a total of 300 hands, one-fourth of the number 
being Chinese-these people being engaged only by the larger com-
panies. The capita) invested in this business amounts to $400,000; 
aggregate yearly value of products $375,000; money expended for 
wages $130,000, the Chinese being paid $1 and white laborers from 
$1.75 to $2.50 per day. Where en1ployes board and lodge themselves, 
as the Chinese usually do, there is, of coun~e, some difference in the 
rates. In the coast counties the potteries are . operated without inter-
mission the year round. Those situated further in the interior sus-
pend work during the winter, with the exception of the larger estab-
lishments, where most operations are then carried on within doors. 
The long dry seasons of California greatly favor the prosecution of this 
business, enabling the potter to very effectually dry his wares and per-
form much of hi work in the open air. 
"But, notwithstanding the e natural advantages, coupled with an 
ample upply of the raw material, this industry has undergone but 
little expans:on in California, partly because the manufacturer has had 
only a limited market for his wares, but chiefly because of the compe-
tition to which he ha been subjected through free and often exces ive 
foreign importation, it having been the practice of ship visiting the 
port of San Franci co to load with wheat, to bring everything in thi 
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line, firebriek included, at _ very low freights-sometimes as ballast. 
The effect of this cheap transportation has been to keep the market 
overstocked and prices depressed, so that a more rapid growth of thiR 
home industry was impossible. Then, too, there having been for a time, 
at first, but little demand for ornamental and architectural pottery, 
the California manufacturer confined his efforts to the making of the 
cheaper and commoner wares, those involving elegance of design and 
artistic skill having b~en neglected. Now, these, after having come to . 
be in large request, insure for the business better returns and a more 
rapid development. 
'' Firebrick.-Tbe manufacture of firebrick still remains among the 
large class of possible but as yet undeveloped industries of Cali-
fornia. There are suitable clays, the skill to manipulate them, and a 
considerable local consumption, but these advantages have not availed 
to supply. the home demand to any great extent, having been neutral-
ized by the cheapness of the imported article, now selling in San Fran-
cisco-the principal distributing point for the Pacific coast-at about 
$40 per thousand, a price at which they can hardly be made in any 
part of California. As a general thing, the English firebrick have 
been preferred to those made in California, and generally for the reason 
that too little care has been observed in selecting the clay or in manu-
facturing the brick. 
'' Common brick.-Of building brick, about 245,000,000 are burnt annu-
ally in California, their use, as compared with the population, being 
rather limited. Formerly when the business portions of the cities and 
the larger towns were being built up, a great many brick were called for. 
But now the buildings being put up without the fire limits of the towns 
are nearly all constructed of wood, which, besides being cheaper, is • 
better adapted to the climate than either brick or stone; hence the com-
paratively limited use of these latter for building purposes in 0alifornia. 
A. tolerably good clay for making brick is found in many parts of the 
State, notably on the bay shore -of Marin and Contra Costa counties. 
From a bed of this material near San Jose, in Santa Clara county, a 
pressed brick is made, claimed to be equal to the best imported. Dur-
ing the wet season, extending usually from about the middle of Novem-
ber to the end of April, the business of brick making"is susp,ended in 
the State except where the burning is conducted in large furnaces by 
the Hoffman process, which admits of its being prosecuted constantly. 
The average price of common brick fa San Francisco is $9 per 1,000; 
delivered at the kilns from 15 to 20 per cent. less; pressed brick sell 
at about $27 per 1,000. There iR probably $1,000,000 invested in the 
brick bu:siness in California, which calls for the service of about 1,600 
men <luring the dry, l-!tnd oue-tbird as many during the wet season~ 36 
per cent. of the whole being ChinamP-n. Wages $70 per month for 
burners; $45 for moluers and setters; and $37 for ordinary hands-
board being always included; for Chinese, less these rates by 40 per cent ... 
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A. considerable uumber of common brick enter the port of San Fran-
cisco from England. The imports during 1884 were large, falling but 
Httle below those of 1883. 
Imports nf brick at San Frandsco. 
Years. I Number of 
1 
_____ ! brick. 
1880 ............ ·[ 730, 040 
1881.. . . . . . . • • . . . 1, 608, 256 
1882 ... .•. . . . . . . . 1,647,883 
1880. . . . . . . . . . . • . 1, 984, 772 
1884. . . . . . . . • • . . . 1, 929, 352 
A. large number of firebrick were also imported from England dur-
ing 1884. 
GENERAL STATISTIOS. 
The following figures, chiefly taken from the census of 1880, are given 
to partially show the condition of the various industries connected with 
the clay deposits of the United States in that year : 
In regard to earthenware, whiteware, and stoneware Ohio had 179 
establishments, with a capital of $1,675,055, employing 2,659 hands and 
producing goods valued at $2,106,474. New Jersey had 49 establish-
ments, with $2,057,200 capital, 3,130 employes, and produced wares to 
the value of $2,598,757. New York had a capital of $703,500 invested 
in this branch of production; Pennsylvania, $670,545; Massachusetts. 
$187,000; Illinois, $1G8,000; Maryland, $142,000; and no other State 
or Territory reached $100,000. 
In the brick · and tile industries Ohio had $2,723,528 invested, and 
there were in the State 825 establishments; Pennsylvania had 521 es-
tabli hments, with a capital of $5,028,524; New York, 321, with a capi-
tal of $3,923,405; Indiana, 735, with a capital of $1,084,264; Illinois, 
616, with a capital of $2,397,023; Iowa, 280 establishments, with 
$478,614 invested in them; Missouri, 230, and $989,415 capital; Wis-
consin, 119 works, with $56Q,870 capital; Kentucky, 115, with $302,175 
invested; Massachusetts, 114 establishments, with $1,688,200 invested, 
and New Jersey, 107, with $1,731,200 invested. Texas had 113 works; 
but the capital in them was only $183,500, and no other State bad 100 
e tablishments. 
The number of hands employed in these same industries was as fol-
lows: Pennsylvania, 8,426; New York, 7,363; Ohio, 6,127; Illinois, 
5,903 ; Indiana, 4,239; New Jersey, 2,749 ; Missouri, 2,737 ; Massachu-
etts, 2,401 ; Iowa, 2,251; Michigan, 1,933; Tennessee, 1,553; Virginia, 
1,425; Wisconsin, 1,395; Kentucky, 1,379; Georgla, 1,228; Texas, 1,185; 
Kan a , 1,046 ; and Minnesota, 1,010. 
Or, summing up, there were in the census year 686 establishments 
pr ducing pottery, as defined in our list; they had invested in them 
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$6,380,610, employed 8,494 hands, paid in wages during .. the year 
$3,279,535, used raw material to the value of $2,564,359, and the value 
of their products was $7,942,729. 
There were also 5,631 establishments making brick, drain tile, tile, 
etc.; the capital invested in them was $27,673,616; . the number of 
hands employed, 66,355; wages paid, $13,443,532 ; material used (in-
cluding fuel), worth $9,774,834; made 3,822,362,000 common brick, 
163,184,000 firebrick, 210,815,000 pressed brick, $2,944,239 • worth of 
tile, $1,765,428 worth of drain tile, $719,926 worth of all other articles, 
and produced wares having a total value of $32,833,587. 
No attempt at a complete canvass of the production in recent years 
has been attempted. On tbe basis of the census figures, however, in 
connection with the known changes in building activity arid: in price, it 
is estimated that the total value of the brick and tile made in th~ United 
States in 1882 was $34,000,000; ip. 1883 the production was undoubt-
edly larger, but was offset by the decline in prices, the total probably 
being about the same ($34,000,000) ; in 1884 manufacturers cut down 
expenses still further, and while about the same number of brick and 
tile were made as in 1883, the total value probably did not exceed 
$30,000,000. 
IMPORTS AND EXPORTS. 
Large as are the amounts of wares ma'nufactured from clay in the 
United States the demand is not satisfied by them, and the·yearlyimports 
are extensive. There is a small export trade, but the -imports far exceed 
the exports in amount and value, as will appear from the following ta-
bles. Many articles mentioned in the preceding pages are not impor.ted, 
home supply equaling the demand for them, and therefore the tables 
cover by far the larger portion of the ' value of imports of clay prod-
ucts. · 
Olay imported and entered for consumption in the United States, 1867 to 1883 inclusive. 
Fuller's earth. Kaolin. Unwrought pipeclay and ftr~clay. , 
Total Fiscal years ending June 3C- '. value. 
Qu~ntity. Value. Quantity. Value. Quantity. Value. 
--
Long tons. Long tons. Long tons. 
1867 .......•••...•.•.. . ...... 280. 25 $3,113 . ----... ---. - ..... . .... 6,383.75 $72,204 $75,317 
1868 .•...• . ··•··•••••·· .•••.. 2ll. 00 2,522 .............. ----- 8,384.75 66,958 69,480 
1869 ...... ·•••·· ..•......•.• . 324.10 3,587 . ............. . ... . ...... 12,963.75 84,645 88,232 
1870 ............••••..••..•.. 239. 40 2,619 ·· · · · ·-···· ---· ····· 8,014.15 76,057 78,676 
1871 ...... ··•···· .••. -- ...... 290. 20 3,383 · · ····· · · · ·· ········· 10,900.48 103,144 106,527 
1872 .....• ······ ..•...••..•• . 274. 00 3,358 --- ----- ---- .... . .... 13,081.20 ]28, 130 131. 488 
1873 ·••·•···••·•··••········ · 251.18 2,978 1,378.30 $13,091 12,883. 82 141,927 157,996 
1874 •••••· ·•·•·· ........••... 277. 20 3,440 89. 21 1,378 12,909.14 147,782 152,600 
1875 .... ... .•..•.•.•......... 300. 06 3,694 130. 47 1,977 10,374.65 Jl6, 307 121,978 
1876 ... .... . ...... : .......... 246. 73 3,097 142. 00 2,152 11,799.12 126,738 131,987 
1877 · · ·•·· .•......•••.. ······ itoO. 00 4,460 204-. 26 3,009 11,680.14 129,016 136,485 
1878 ······ ....... ·•·•·· ...... 335. 07 4,095 3,499.30 38,899 9,406.74 95,877 138,861 
1879 .. .... .•.... .. ... . ...•.. . 361. 21 ,1, 269 4-, 774-. 60 45,272 8,4-77. 80 87,948 137,489 
1880 .... ..... ·····• ···· ..... · 578. 00 6,925 7,823.66 67,740 11,899, 80 117, 35() 192,015 
1881 ... .............................. 267. 55 3,207 6,887.37 66,654 12, 444-. 28 123,545 193,406 
1882 ......••..... ·•·•···•···· 908. 27 11,444 13, 954-. 85 135,448 12,181.39 119,620 266,512 
1883 .••. ... .......•.•...... .. 1,241, 27 14,309 12,870.60 115,492 7, 8'1. 32 74,673 204,474. 
- - -
2 M R-45 
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In 1884 the imports were classified as follows : 
Kinds. Long Yalne. tons. 
China clay or law>U.. ...... ..........................•.••••••....••.••••••••.......•.. 16,112 $131,063 
All other: 
i~!i;hr~~::::: :: : : : :: :::: :: :::: :::::: :::: :: :::::: :::: :: :::: :: :::::: ::::::::: :: : 1~: m 85,990 16,158 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 282 233, 211 
Building brick impot·ted and entered for consumption in the United States, 1868 to 1884 in-
clusive. 
Fiscal year;o:nding June Quantity. Value. Fiscal year:~ding June Quantity. Value . 
• 
1868 ·•·······•·· · •••··••···· ........... . 
1869 .•... • ..•••... .. ....... ....... ······ 
1870 ········ •·· · ········•··· .•... . ······ 
1871 ..•.....•... ·•••··••••·· ........... . 
1872 ··•••··••••• ·••···•····· ... . .... .. . . 
1873. .. . . • . . • . . . . . . . . . . . . . . . 963,500 
1874 .••.•..•.•.•. ·. •. .. . . . . . . 594,330 
1875 . . . . . • • • • . . • • . • . • . . • . • . . 495, 500 










1877 ...... .••.. ·•········· 
1878 ......• ············ .... 
1879 ...........•........... 
1880 ...................... . 
1881 . ......•... •.••.•...... 
1882 ....• ....... . ·•···· .... 
1883 ..•.••. ·••··•···•·•···· 
1884 (a) .•••••.•.....•••.... 

















Bathbrick and firebrick imported and entered for consumptio,,,, in the United States, 1868 to 
1884 inclusive. · 
Fi.e<laJ. years ending J" une 30-
1868 .......• .••. ·····••··········•••··•· 
1869 ..•... ······ ·•····•····••· ········· 
1870 ........••....•... ···-·· ·····•······ 
1871. .....•..••...••••...••.••.......... 
1872 ... ···•·· ·····••······· ·········· · · 
1873 ...... ...... •..... •..••.....•. ..•. .. 
1874 .... ··• · ·· ···· .••. ·•••·•·•··•··•···· 
1875 ..•.....•.....•.... ·•·• •••·• ....... . 








66, 4281 50,325 
69,063 
Fisoal years ending June 30-
1877 ...............••. ·•·•·· · ···••••••· 
1878 ..••...••••. ·•··••••••••••••••••••· 
1879 .... , ... ··•··••··••·•••••······•··· 
1~80 .... .. ..• , ...... ·•··•· ··•••· ·••·•·. 
1881. .. ... ......•..•.••..••...•.•...•.. 
l!E : : • ::':: ::: : : : :: ::::::::: :::::::: :1 
b Firebrick only. 
The number of fuebrick . imported was as follows, since 1877: 
Fu!ca.l yean ending J"une 30- Imports. 
Nwmber. 
1877 .. .. .........•••.• _-. . . . . . . • . . • • • . . . 303, 870 
1878..... .•. ..•...... .•..••... •. ...••.. 244,614, 
1871J................. ......... ..•• .• . . . 690,964 
1880............ .• . •• . .••• .. •..•... •... 1, 5M, "62 
• 
Fiscal yean ending June 30-· 
1881. ............•..•••...... - •.•.• · · · 
1882 ..... ...•... .. ·······•···· ··· · ···· 
1883 ...•.. ... .••••••. .•.......•..••.•. 












1, OOS, 230 
2,831,033 
1,250,135 
1, 52', 000 
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Ea1thtmware and china imported and entered for consmnption in the United States, 1867 
to 1884 inclusive. 
Brown China and China and Other earth. 
Fiscal years endinl? June 30- earthen and porcelain not porcelain dee· enstoneor Total. common crockery, 
stoneware. decorated. orated. glazed, etc. 
1867 ........•..•..•.•...•...... $48,618 $418,493 $439,824 $4,280,924 $5,187,859 
1868 ...•....••.•. ·••••··••··••· 47,208 309,960 403,555 3,244,989 4,005,712 
1869 •••••••..•••..••........... 34,260 400,894 555,425 3,468,970 4,459,549 
1870 ..•.•.... ... ..•.. ··•··· .•.. 47,457 420,442 530,805 3,461, 524 1 4,460,228 
1871 ••••..•..•..••••.•••..•.•.. 96,695 391,374 571,032 3,573,254 4,632,355 
1872 .••.. ··•·· .. ··••····· .. . ... 127,346 470,749 814,134 3,896,664 . 5,308,893 
1873 •••••••·•••••··•· ••••••.••. 115,253 479,617 867,206 4,289,868 ' 5,751,944 
1874 •••••· ..•....••..••••••.... 70,544 397,780 676,656 8,686,794 4,881,724 
1875 .............. ·•••·•••·· · ·•· 68,501 436,883 654,965 3,280,867 4,441,216 
1876 .•.. •.• .•• ••.•••....•...•.. 36,744 409,539 718,156 2,948,517 4,112,956 
1877 ...•. ...............••..... 80,403 . 326,956 668,514 2,746,186 3,772,059 
1878 ..• . .. ·········•··········· 18,714 289,138 657,485 3,031,893 3 996 725 
187i .... .. , ..............•..... 19,868 296,591 813,850 2,914,567 4: 044: 876 
1880 ···••• .......•..••...•..••. 31,504 884,371 1,188,847 8,945,666 5, 5UO, 888 
1881 .......................... . 27,586 321,259 1,621,112 4,418,869 6,383,826 
1882 ·•••••··••·••••···••··•••·· 36,023 816, 8ll 2,075,708 4,438,237 6,866,779 
1883 ·•···········• ......•.. . .•. 43,864 368,943 2,587,545 5,685,709 8,686,061 
1884 ·•·•·•·•···· •· ····· .•..... . 50,172 982,499 2,664,231 666,595 4,363,497 
Value of tiles imported for consumption in the United States, 1868 to 1884 incl,usive. 
I 
Fiscal years ending June 30- Enca.nstic. Roofing \ anclpaving. 
1868 ..•••.........•••• ~ ••••..••.••••.••...•..........•.. . . .. · .... · .. 
1869 ...•.•.........••....•••.•.•.•. ••··••· .... . ...............•.•... 
1870 ........................................ .. .. ...... ... ...... ... .. 
1871 ... .... ....... ···•·· ............................. ··· •·· · · .. · · · · · 
1872 ........•... ·•···· ••••...•••••..•••. •••··· .••....•........ ...... 
1873 ............ .. .......••..••• •. ..•..••..•. . .............. ~· ..... . 
1874 .. .. ....•..••..••..••..•....•....•• . ·••····· .•.....••........... 
1875 ··•········••··•··•·•••••• ·••··••··••··••··••··•••·• ··· ·······•· 
1876 ···••··••·••••••·••·•··•••···••···•··••···•·•••············ ·· ··. 
1877 ·•·····•·•·•••••••··•··••••••·••••·••··•••·••••· .••••.•••.. ... .. 
1878 .......•••••.•••••.•••••••••••.•••••.•....•..••...•. · · · · •• • . · · · · 
1879 .... .. ...•. . .••• ·••••• .•.•.. ·••·•·•··••··••••••· ·· ·· ...... ··· ··· 
1880 ..••••..••....•..••..••..••.•••.••••.••... : ...•.•....•••........ 
1881 ...... ···•····•··•••••· .•..• • ...•. ·••••• .. •.......•..••......... 
1882 ··•······ · ..••......••..•••....•..•.......•...•................ 
1883 ···••···•· ....... ·········-············ .................... · · .. 



































Value of clay exported from t.he United States, 1865 to 1884 inclusive. 
Fi.seal :rears ending June 30-
1865 .. ........ ············•· ···•··•·· ·•·· 
1869 .....•. · ·•······••··•········•··•••·· 
1870 . ..••. . . ·········· · ·•··•••··••··••··· 
1871. ...• •'• .............................. . 
1872 .....••..•..••...•.••••••••••..•..... 
1873 .. ..•.• ·· • ···•··•·•••·••·••••···••••• 













Fiscal years ending June 30-
1877 .. .................••..........•••.. 
1878 ....••..••.•....• : . ••.....•••..••• ~ 
1879 ................•. .•.. -. ....•...••... 
1880 .•.•.. ·•••••·••··••·•••••••·•·•••··· 
1881. ...•....••..••...•.••••••••••.•.••. 
1882 .•••••••••••.••.•••..••••••••••.•••. 
1883 ...••....•...•••••••••.•• . ••••••..• . 
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Value of brick, etc., of domestic production exported from the United States. 
'1 Brick, lime, · Firebrick Brick, 
Fiscal years endinJ, September 30, until Brick and and and other than 
1842, and une 30 since. I lime. cement. firet;Ue; fire. 
1826 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . $6, 075 .... .. ..•....••• · · . · ... · · · · · · · · · · · · · 
1827 .. ~ . . . • • . • • . . • . . . • • • . . • • • • . . . . . . . • • • • . . 3, 365 . . . . . . . . . . • . • • . • • • . . . . . .. · • · · · • · · · · • · 
1828 ······················-······ · ··· ...••• 4,573 ··········· .•....•...•. ·•·••· ..... . 
1829.... .. .. . . . . . . . . . . • . . . • . . . . . .•• . . . . . . . 3, 717 ... . ......•.......•.•.•... · ·. • · · · · · · 
1830 ............................................................. 2,482 ------ ....................... _ ....................... .. 
1831 . . . . . . • . . • . . . • • . . . • .• . • • . . . . . . . . • • . . . . . 4, 412 ......•......••....•••••.... · · · • · · · · 
1832 . . . . . . . . • • . . • • . • . . . . . . • • • . . • • • • • . • • • • . 3, 502 . . . . . . . . . . . . . . . • • • • • • • • • . •••• · · · • • · · 
1833 . . . . . . . . • • . . ... . • . • . . . . . . . • . . . . . . . . . . . . . 3,866 ......•...•...•. •.• ....•...•.. · · · · · · · 
1834 . . . . . . • • • . . . • . . • . . . . . . . . . • . . • . . . . . . . . . . 4, 294 . . . . . . • . . . . . . . . . . . . . • . . . . ..•..... · · · 
1835 . . . . . . . . . . . . • . . • • • . • . . . . • . . . • . . . . . . . . . . 4. 133 . . . • . . . . . . . • • • • . . • • • • . • . .•...... · · · 
1836 .........• , , . . • . • • . . • . . . . . . . • . . . . . . . . . . 6, 829 . . . . . . . . . . . . . .•..•...•...••.. · · · · · · · 
1837 . . . . . . . . . . . . . • . . . . . . • • . • • • . . . . • . . . . . . . . 29, 626 . . . . . . . . . • . . • • . • • • • • • • . . .•..•.... · · 
1838 ..............•........•.••.• ·.. ... . ... . 31,322 ····· · .. . ....•• ., ....... •••••••••••• 
1839 . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . 16, 298 .............••..•.......••...•.... · 
1840 . . . . . . . . . . . . . . • • • • . • • • . . . • . . . . . . • . . . . . . 16, 949 .............•....••. . ...••..•....•. 
1841. ....... .... . ........ •• . . . . .. • . . . . •• . . . 14,064 .. . ......• .••..••. .. •..••••••••.. · 
1842 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . 5, 728 ......•......•...•............•.•... 
1843 (nine months) . . .. . . . . . . . . . . . . . . . . . . . . 3, 883 .........................•.......... 
1844 . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 12, 833 . . . . . . . . . . . . . . . . . . . . . . . . . ..•.. . ..•.. 
1845 .. .............. ... .•••.•...• .'......... 8,701 .··.·•·.·.·.• .. ·.·.·.·_ · .• ·••·.·.••·.·. •.•.·•· .. ··.·•·.·.· .. ··.·.·.·.·. / 1846 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 578 
1847 ··· ··· ····· ··· ·- ······················ · 17,623 ··•··• ·· ···· ··········· · ·····••···· · 
1848 . .. . . . ........• .' •... . ·..........•....... 24,174 · ··· - ······· ·••·····••·· ·······•••·· 
1849 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 671 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
1850 . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 16, 348 . . • . . • . . . . • . . • . . . . • . . . . . . •......... . 
1851 . . . . . . . • • • . . . . • . . . . . • • • • • . • • . . . . . . . . . • . 22, 045 ... . . ........••. . .. . .•............. 
1852 . . . . . . . . . . . . . . . • • • • • . . . . . . . . • . . . . . • . . . . . 13, 539 . . . . . . . . . . . . . . . . . . . . . . . . . ......•.... 
1853 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 625 . . . . . . . . . . . . . • . . . . . . . . . . . . . . ..... . 
1854 . . . . . . . . . . . . . . . . . . . . . . . • • . . • • . • . . . • . . . . 33, 194 . . . . . . . . . • . . . . . . . . . . . . . . . ...... .. .. . 
1855 . ... • •• • • • •. • • ..... - . •. .... .• • • .... .... • •• ... • ••... I $57,393 .... ... .......... - .... • · 
1856 ....... . .'.. . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . . . . 64, 297 . .............•......... 
1857 . . . . . . . . . . . . . . . . . . • . • • . . . . . . . • • • • . . . . . . . • • • . . . . . . . . 68, 002 . . . . . • . . . . . . .... . ..... . 
1858 . . . . . . . . . . . • • . . . . . . . . . . . • • . . • . . . . . . . . . . . . . . . . . . . . . . 103, 821 ....... . .......... .. ... -
~:~~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I !~: Zi~ : : : : : : : : : : : : : : : : : : : : : : : : 
rn~~ : : : : : : : : : : : ~::::::::::::: :~:::::::::::: : : : : : : : : : : : : ! :u:; : : : : : : : : : : : . : : : : : : : : : : : : 
1863 . . . . - . - .....•..•... . : . . . • . • . . . . . . . . . • . . . . . . . . . . . . . 99, 313 . . ............ ...... . .. . 
1864 . . • . . . . . . . . . . . . . . . • . . . . . • • . . . . . . . . . . . . . . . . . . . . . • • . . 49, 106 . . . . . . . . . . . . . . .... .... - . 
1865 . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 64, 105 . . . . . . . . . . . . . .... ..... . 
1866 . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . • . . . . . . . . . . . . . . . 146, 874 ... ... .......... .. ..... -
1867 .... .......... ...... . ...................... ~. . . . . . . 102, 324 _ ... . . .. . _ . . ... .. ..... . 
1868 . . .. .••• ......... .: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140, 338 . .. ....... . 
1869 . . • • • • . • • • • . . . • • . . . . . . . . . . . . . . . . . . • • • • • . . . . . . . . . . . . 83, 229 
1870 ... . .••.... . .•.•.•. .... .. ... ... . .............................. 
!871 .... .. ..... .. .. . .•• ........... .• .. .• •....• . .....•. . _ .. __ .. .. .. . 
1872 .. . . ·•••••·•··· .•..•.•.... . . . . .. ..•... .... . .. . .... _ ........... . 
1873 .. ...•••••••••.•••... . ........•...•.•...... .... -.... ...... ... - · 
m~ :::::::~~::~:::::::::: ::::::::: :::::::: :::: :: :::::: : ::: : : : : : : : : I 
1877 ·······••··•····•·•·· ·•· ·····•••·•····· ············ ... . ... ... . . 
1878 .... . ·····•· ....... . •.•.....••.... . ... ·• · ··•···•·· ······ . • . ... 
]879 .....••• •••• ......•...• ...... .......... ·•···· · ··· · ·•···· .•.... 
1880 . ......••.•.•••• ·• •·• • · ·••·•· · · ·· ....•.. • •. ..• . ............... . 
1881 ..... . •...•...•.... .. ..........•....••.. ····•····•· ........... . 





























































































During the years given there were exported from the port of New 
York the following number of building- brick and firebrick: 
Building brick and firebrick exported from New York. 
Building brick. Firebrick. 
Calendar years. 
1877 ........... ·· •••· .... ·•••·· •••..•••......•.•.... · 
1878 .................•. . ···•·· .•••......... · .•. · ..... . 
1879 ................................................. . 
1880 .... ···•••·••··••····· .•....•....... · ...... ... .. .. . 
1881. ....••.........• . ... · · •• · • · • • · • · · · .,. · · · · · · · · · · · · · 
]882 . ,• .. , ........ . ... . .••.......••••.•.......•••...•.. 
]883 ...... . ..•.............••....•. , . .•.. .•........... 






971\ 500 • 
778. 000. .· • 
2, 642,, 6Q5 I ' 
1, 702, 850., .. 1 

























Value of earthenware and stoneware of d9mes(ic manufacture expo;tedfro.m the United States. 
Fiscal years ending 
September 30, until 1842, Value. 
and June 30, since. 
/ Fiscal years en~ing • // 
September 80, until 1842, Value. 
Fiscal years ending 
September 30, t01till842, Value. 
and June 30, since. I and June 30, since. 
1 
1-7-!lO-.-. . -. -.. -.. -.-. . -. -.. -. -.. -.. -.i i-$-1-, 9-9-0 1 I'1845 .' .................. 1-$-7,-,:J-93-
11
--18-66-.-.-. -. . - .. -•• -.-.. -.. -.-.. ,_$3-l·,-6-16 
1791.... . . . . . . . . . . . . . . . 1, 984 1846 . . . 6, 521 1867 . • . . . . .. . . . . . . . . . . . 29, 308 
rn~t:: :: :::::: :::~::. ~: ~~~ 1 mf ~~:: :::::: ::::: ::1 i: ~fg I mt:: :·.::.:: ::::::::: i~: m 
1828 ...... . . . . . . . . . . . . . . 5,595 1849..... .• . . . . . . . . . . . 10,632 1870................... 42,120 
1829...... . . . . . . . . . . . . . . 5, 592 1850...... . . . . . . . . . . . . . 15, 644 . 1871................... 37, 383 
1830. ... . . . . . . . . . . . . . . . 2, 773 1851 . . . . . . . . . . . . . . . . . . 23, 096 1872 . . . . . . . . . . . . . . . . . . . 48, 941 
1831 . . . . . . . . . . . . . . . . . . . . 1, 378 1852. . . . . . . . . . . . . . . . . . . 18, :no 1873 . . . . . . . . . . . . . . • • . . . 53, 909 
18H2.... .. .. .... ... ... .. 6,3:33 1853 . . . . ....... .. . . . 53,685 1874 .••....•........... 59,494 
18:ia...... . . . . . . . . . . . • • . 12. 159 I 1854 . . . . . • . . . . . . . . . . . . . 33, 867 1815·....... . . • • . . . • • . • . 92, 253 
1834 ··················· 1'.},745 1 1855................... 32,119 1876 ...•... . ........... 73,846 
1835 ....•............... 16.427 1856 . .. . .... .. ... . ..... 66,696 1877 •...••..••..••. .. .. 87,355 
1836 ... . .. . . . . . • . . . . . . . . . rn; 391 1s;;1.... . . . . . . . . . . . . . . 34, 256 1878 . . . • . . . . . • . . . . . . . . . 98,035 
1837 .. .... . . . . . . . . . . . . . 14, 249 1858 ..... ·.. . . . . . . . . . . . . 36, 783 1879 . . . . . . . . . . . . . . . . . . . 80, 898 
rn~~ ·::: : : : : : : : : : : : : : : : · ~t ~1~ rn~~: : : : : : : : : : : : : : : : : : : 1 t~: m · rn:~ : : : : : : : : : : : : : : : : : : : ~g~: m 
1840. . . . . . . . . . . . . . . . 10, 959 1861. . . . . . . . . . . . . . . . . . 40,,524 , 1882 . • • • . . • . • • . . . . . . . . . 180, 773 
1841........... . .. ... .. 6, 737 1862................... 32, 108 1883.......... •. . . • . . . . 227,547 
1842.. . ..•............ . 7,618 1863 ......... , ........ . 88,244 1884 .. ........... ... ... 236,247 
1843 (nine months) .. ... 1 2,907 1864 ..... .. . . .... ..... , 67,591 1844 .................... , 4,884 1865...... .. . . . . . . .. . .. 93,258 
NEW YORK MARKET REVIEW. 
A complete review of the condition of the markets and 'amount 
af trade done in all the articles mentioned -in the · preceding pages 
for the entire country during 1884 cannot be -given here. Reports • 
in regard to an of them are not obtainable, and if they could be 
had their insertion would maike tbis reporti too bulk~ for its pl'esent 
purpose. A brief review of the markets and trade movem€nts at New 
York <l.uriug 1884 for a few of these articles may, however,. be of in. 
terest to the reader. It may throw some light on the busines~ condition 
for the year of a few of th~ important inda.stries co11n,ected with our 
clay deposits. The statistics are derived fro~ the R~al .Estate. Record 
and Guide. 
Common brick.-Tbe production of: common brick during 1884 in ·the 
Hudson River district was about up to the average, but prices ruled 
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lower than during 1883 and remained quite uniform during the season. 
More brick from thA yards in New Jersey came into the New York 
market than in previous years. 
The following was the production of common brick at the points .froin 
which New York draws its supply, during the years named: 
Production of common brick in the New York distr_ict. 
Yeara. Number. Years. 
1874. . . . . . . . • • . . . . • • . • . . . . . . . . . . . . . . 400, 000, 000 1880 ............... : ... -- - -- - . - - - · · · 
1875................... .•• . . . . . . . . . . . 450,000,000 1881. ......•......... .. . - - - - - . - - - · · · 
1876 ......... ·.. . . . . . . . • . . . . . . . . . . . . . . 275, 000, 000 1882 ..•...••...•........•..•..• - - - - -
1877 . . . . . . . • • • • • • . . . . . . . . . . . . . . . . . . . . 800, 000, 000 1888 ...... . ... ~ ...•..... ... - .. - - - - - -
1878 .....••........•. " . . . . . . . . . . . . • • 350, 000, 000 1884 . .................... ..... - -- · · · 
1879. . • • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 850, 000, 000 
Number. 
450, 000, 000 
500, 000, 000 
609, 000, 000 
65(}, 000, 000 
600, 000, 000 
Stock of brick on hand at base of supplies for New York, JanuarJ/ 1. 
Localities. 1888. 1884. 1885. 
------------------------1-----1------
Haverstraw bay, etc . . • • • . • . • • • . • . • . • . • . . . . . . . . • • • • . . . . . . • . 66, 000, 000 70, 000, 000 96, 000, 000 
Othe7eoints on Hudson river . . . . . . . . • • . . . . • • . . . . . . . . . . . • . . 25, 000, 000 30, 000, 000 92, 000, -000 
ri:g 1:r::a:::: :: :::: :: ::::::: ::::: :::::: :::: :: ::::: ::::::: 1g: ggg: ggg 1:: g~g: ggg 2~: ggg: ggg 
Staten Island . ........................................... .. 3,000,000 2,500,000 8,000,000 
1----..J------1-----
Total . . . . . . . . . • . • . .• • . • . •..•..... ... . •. •.• . . . . . . . . . . . 112,000,000 122,500,000 224,000,000 
More front building brick were manufactured than in 1883, and the 
demand was good during the early part of the season, but much poorer 
later, leaving manufacturers with larger stocks than usual to carry over. 
Below are given comparative prices for common and front building 
brick on January 1 for the seasons of 1883, 1884, 1885: 
Prices of buUding brick in the New Yo1·k market, per thousand. 
Kinds. 1883. 1884. 1885. 
Pale brick . . . • . . . . . . . . . . . . . . . . . . . • . • . • . • . • . • • . . . . . . . . . $4 75 to $5 oo $3 50 to $4 00 
I:ds~!r~~~:;t!oit·::::::::::::::::::::::::::~:::::: : ~g ~ ~~ : ~g ~ ~g 
Croton front brick . .......•.•••......•••••......... . 12 00 15 00 13 00 15 00 
Philadelphia. front brick .... ..•.••...••.•..•.•...... . 80 00 27 00 
Baltimore front brick .............••••••••••......... 88 00 40 00 37 00 88 00 
$2 50 to $3 25 
4 50 5 50 
5 00 6 25 
18 00 15 00 
22 50 23 00 
87 00 40 00 
The export trade in common and pressed brick has been chiefly to 
the West InJies. 
There has been a good and growing trade in hollow brick for fire-
proofing purpo es during the year, and there is promise of still further 
increa e. Prices have ranged from $11 to $14 per thousand, according 
to mak , etc., but 112 was a,bout the average for the regular sizes, whil 
" h pe "wer mainly old on contract per square foot. 
Firebrick.-lu fir brick the trade wa unsatisfactory and slow. Le 
bu ine w d n than during 1883, and manufacturers do not look 
CLAYS. 1ii 
hopefully on the prospects for the coming year. The stagnation in the 
iron industry has been an important factor in this condition of affairs, 
but a more important one is fouud in the competition with foreign prod-
ucts. Much foreign stock has been imported in ballast or at merel.Y 
nominal freights, so that although the .American brick were as good 
or even better than foreign makes, the American makers could not 
market their stock at advantageous prices. Ruling prices on January 
1, 1884 and 1885, are given below. 
Prices of firebrick in the New Y01·k market, per thousand. 
Kinda. 1884. 1885. 
Welsh .•••••.••••.•••..•..• . .••••••••• '. . . . • • . . . • • . • • . . . . . . . . . . . . . . ,30 00 to $35 00 
!~J!?!~;-iio.' i:::: :::::: :::::::: :::::::::::::::::::::::::: :::: :: ~g gg :g gg 
American, No. 2...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 00 30 00 I 
$25 00 to $30 00 
25 00 30 00 
30 00 35 00 




Near}Y all the b~hrstones used in this country are imported. They 
come mainly from Fran~e, the principal locality of production there 
being the Paris basin. They are also imported in smaller amounts from 
Belgium and Germany. The French and Belgium stones consist of 
silica mi~ed with calcareous material, and are both hard and porous. 
The German stones are said to be of basaltic lava. These stones are 
imported in the rough, at low rates of freight, and are finished in this 
country. 
Stones answering some of the purposes of buhrstones are found in 
various parts of the United States and are quarried and worked to some 
extent. The leading localities in which these stones are found are as 
follows: Ulster county, New York-'-the stone, which is known as Eso-
pus stone, is a quartzite of variable texture and hardness; Lancaster 
county, Pennsylvania-this stone, which is known to the trade as- the 
Cocalico, is a conglomerate, and is found in the form of bowlders scat-
tered over the surface; Peninsula, Ohio, where a white variety of the 
Berea Grit is worked, maiuly for the purpose of grinding oatmeal and 
barley. In addition to the above localities, stones more or less suitable 
for coarse work are, or have been, quarried in parts of.Virginia, North · 
Carolina, Georgia, Alabama, Missouri, and Arkansas. They are also 
reported to exist in Owen's Lake valley, and in the Pitt River country, 
iu California. 
The American stones are not used at all for grinding wheat, but only 
for the. coarser cereals, and for grinding paints, cement, chemicals, fer-
tilizers, charcoal, etc. The imported stones, being finer in grain and 
mucL lrnr<ler, are used for grinding wheat an.fl for all the better class 
of work. The use of rollers, as a substitute for buhrstones, is gaining 
ground with great rapidity. Indeed, at present, nearly all the large 
flouring mil1i:; iu tii.e tountry are adopting the roller system, and there 
is every probability that for many other purposes buhrstones will he 
replaced by roller or other grinding machinery in the near future. 
The timates of pro<luetion of American lmhr tones range through 
wide limits, from n merely nominal Yalne np to $350.000. In all proba-
hility, $300,000 j, an appnxirnation to the correct \·alue. 
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The following table presents the value of the imports of buhrstone in , 
· ~ach fiscal year since 1868 : 
Buhrstones and millstones imported and entered for consumption in the United States, 18fi9 
to 1884 in_clusive. 
. . 
Fiscal years ending Made I Fiscal years ending Made Rough. into mill- Total. Rough. into mill- Total Juneao- stones. I June30- . stones. 
--- ------
1868 ...... ......... $74,224 ---·---- - $74,224 1877 ....... .. ....... $60,857 $23,068 $83,925 
1869 ..... ... . ..... .. 57,942 $2,419 60,361 1878 ..•.........••. 87,679 1,928 , 89,607 
1870 . . ... . .... ...... 58,601 2,297 60,898 1879 . ....... . ..••. . 101,484 5,088 106, 57~ 
1871. ..........•.... 35,406 3,698 39,104 1880 ...•........•.. 120,441 4,631 125,072 
1872 .• . ~ ...•...... • . 69,062 5,967 75,029 1881. ..•...•.•.. •• · 100,417 3,405 103,912 
1873 ..... .......... . 60,463 8,115 68,578 1882 .............. . 10~, 287 747 104,034 
1874 ..... .•. ..•..... 36,540 43,170 79,710 1?83 ...•..•........ 73,413 272 73,685 
1875, .... . ...... _ .. . 48,068 66,991 115,059 1884 ...••.•.•...••. 45,837 263 46,100 
1876 ................ 37,759 46,328 84,087 
The decrease of imports in the la:St two years is doubtless owing to the 
increase in the use of rollers. 
GRINDSTONES. 
The principal source of grindstones in the United States is the 
geological formation known as the Berea Grit, which underlies large 
areas in the northeastern part of Ohio. It is a fine-grained sandstone, 
but differs greatly in texture and hardness in different localities. It is 
quarried for this purpose mainly at Berea, Amherst, Independence, 
Massillou, Lorain, Grafton and Marietta, and the principal locality for 
the m,anufacture of the stones is Cleveland, Ohio. The Berea stone has 
a white color, a fine and sharp grit, and is used generally for sharpening 
edge tools. '.£he Amherst stone is brownish white in color, with a soft, 
loose grit, and is used to sharp~n edge tools and saws. That from Inde-
pendence has a grayish white color and a coarse sharp grit. It is used 
for grinding springs and files and for dry grinding of. castings. The 
Massillon stone is yellowish in color, with a grit very similar to the last, 
and is used for similar purposes. Near Grindstone City; Michigan, 
there is found a fine-grained argillaceous stone, of a uniform blue color, 
which is in general use for finishing work, especially where a very fine 
edge is required. The production during the year l.883 is estimated to 
have had~ value of abouii $600,000. In 1884 the production was not 
quite as great, being estimated at $570,000. 
The exports of grindstones are small in amount and are mainly to 
the Westindies, Mexico, and Central and South America. · The imports 
are also small in value, and are derived mainly from Nova Scotia, Eng-
land, Scotland, France, and Belgium. The amount and value of the 
imports since 1868 are given in the following table. Amounts are 
given in long tons of 2,240 pounds. 
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Grindstones intported and entered for consumption in the United States, 1868 to 18S:-l 
inclusive. 
Finished. Unfinished or rough. 
Fiacal years ending June 30-
Quantity. Value. Quantity. Value. 
Total 
value. 
---------------1----1- - ----· ------
Longtom. 
1868 ...••.•...... · ···•···•·· · ·•······•·· ······ · ........... . $25 .. 640 
Longton&. 
·--------- -· 
1869 .... ••. -...•.. ·• •••···••··•••••• •••· ···· ···· · ·•·· · ······ 15,878 ·-----------
1870 ............... •••••··••••· .••...............•......... 29,161 .. ....... . ...... 
1871..... .••... .. ....... .•..••. .•.••. .. . .•• •. .. 885 43,781 3,957.15 
1872. ..•..... ..•• .. .. • .. .•. . ••. . • • . •••. .. ••.•.. 1,202 
1878. .... .. . .. . ....• •.••. •••••••••••• .•.•... .. . 1,437 
1874..... ...... . . ...•.•.. .... .•...•.. •.. .... .. . 1,448 
1875 . . . . . . . . . . . . . • • . • . • • . . • • . . • • . . . • . • • . . . • • . . 1, 378 
1876 ......... ... ..•••••..•.••••.......... ···•·· 1,681 
1877 . .. .........•••...••••.. ·•·•·· .••..•... .•. 1,245 
1878. . • . ••• •• • . . • . • • • . • . • • .••• .. . • • . • . . . ••• . . . 1,468 
13,453 10,774.80 
]7,03:l 8,376.84 
18, 48f, 7,721.44, 
17,642 7,656.17 
20,262 6,079.34 
18,546 4, 97!t 75 
21,688 3,669.41 
1879... ... ... . ........... .... ..... ....... ...... 1,603 
1880... .. .••. .. . . . . .••.. .• .. . .• .. •. ••. •• • .. •. . 1,573 
1881 . . . . . . . • . . . . . . • . . . • • . . . • . . • . . . . . . • • • • • . . . . . 2, 064 
1882 .... .. ............ ·•··••·••·· .••..•.. .•.... 1,705 






































. In 1884 the total imports, finished and rough, were 7,056 tons, valued 
at $86,286. 
CORUNDUM .A.ND EMERY. 
BY T. M. UHATARD. 
Properties.-Alumina (the oxide of aluminum) is often found native, 
and is then known as corundum. In its purest state it is transparent 
and colorless, but is usually tinted by traces of oxides of other metals, 
forming gems known, according to the color, as sapphire, oriental eme-
rald, oriental ruby, or oriental topaz, the term '' oriental" being pre-
fixed to distinguish these precious stones from others of the same name 
but of different composition, and a less degree both of hardness and 
brilliancy. So far, although the localities of the mineral are numerous 
and the amount discovered is large, but little corundum available for 
gems has been found in the United States; while, on the other band, 
a large and increasing demand for the coarser non-transparent material 
has arisen through its applica.tion as an abrading agent. The corun-
dum gem stones are described on page 733 et seq. of this report. 
Mechanically mixed with v,: rying proportions of oxide of iron corun-
dum forms the well-known emery, or, as it is usually called, Turkey 
emery. This is found in large quantities in Asia Minor, near Smyrna 
and Ephesus, and also in the island of N axos and other islands of the 
Grecian archipelago. It owes its value as a grinding and polishing 
agent to the corundum contained in it. 
ext to the diamond, corundum is the hardest of all known sub-
stance , e pecially in its gem form. If sapphire be taken as 100, corun-
dum from North Oarolina has an abrasive power represented by from 
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!:10 to 97; while the best Naxos emery-ranges from 40 to 57, or about 
one-half that of corundum, a difference which must be taken into con-
sideration in every stage of the preparation and use of the materials. 
American occurrences.-Emery has not been found in any quantity 
within tbe limits of the United States, while corundum occurs in a very 
large number of localities among the older rocks of the .Atlantic States, 
ranging from Massachusetts to .Alabama. The Turkey emery is found 
in granular limestone overlying gneissoid rocks, and in the correspond-
ing· limestones of this country some little corundum has been found; but 
so far (unless the locality of Ohester, Massachusetts, be considere'd an 
exception) it is only in connection with the chromiferous serpentine or 
chrysolite formation that any large bodies of the mineral have been 
discovered . 
.Although this serpentine formation has a con~iderable development 
in Penrn,ylvania and adjacent States, and corundum has bee.n found in 
many places along its cour.se, the yield has been small in comparison 
with the more southern localities of North Carolina and Georgia. 
Throughout a belt of country stretchjng from Dudleyville, Alabama, 
through Georgia, the western portion of South Carolina and North Caro-
lina to the Virginia line, and about 100 miles in width at its greatest 
extension, corundum is found, and, although many of the localities have 
furnished only surface specimens and no such excavations have been 
made as would discover the mineral in place or show the nature of the 
accompanying rocks, it is reasonable to suppose, in view of what has 
been already done, that throughout this region the corundum occurs in 
close connection with chrysolitic rocks. ' More than fifty localities are 
already known and new ones are continually being added. (See lists, 
"Mineral Resources of the United States, 1882," page 667 et seq.) 
It is at Corundum hill, Macon county, North Caioltna, and at Lau-
rel creek, Georgia, 26 miles southeast of the former, that the most ex- · 
tensive work has been done and the best opportunity is offered for the 
study of the nature of the occurrence. . These two mines are owned and 
worked by the Hampden Emery Company of Chester, Massachusetts, 
the pioneer of .American corundum mining and the largest operator in 
it. Under the maiuagement of Dr. H. S. Lucas this company began 
operations at the Chester locality and has built up a large and profit-
able trade, the increasing demands of which have necessitated new 
sources of supply, which have been found in the South. Taking hold of 
Corundum hill, then practically abandoned as useless, it has within the 
past six years created a flourishing business, the output of the t.wo 
mines being ample for present wants. So far the preparation of the 
corundum at the mines has been confined to concentrating the mineral 
so as to allow of its economical shipment to the mill at Chester, Massa-
chusetts, where the final cleaning and sizing is effected; but a large 
mill is now being built at Corundum. hill, to allow of the turning out of 
a finished product. 
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At Corundum hill there is a, large outcrop of chrysolitic rock;'f ,or , 
dunyte, lying in and intermixed with hornblende-gneiss, both the icbrys-
olite and adjacent gneiss being much decomposed. The chriY.solite, ap-
pears to have been fractured fo every direction, ~nd along the Jin,es ,of 
these fractures decomposition bas been most rapid, gi_ving a spberoida.l 
appearance to the masses of the rock. The gneiss as, it appears 
amongst the chrysolite has a northeast and . southwest strike, dips · 
almost perpendicularly, presenting a coarse, -loosely comp~cted ·appear-
ance, and retaining the structure of the original rock. . Tbe1 corundum 
is found in cblorite (a) lying between the chrysolite and th~ g~eiss, 
separated from them by bands of talcose and chloritic material, which 1 
are much thicker on the side of tbe -chrysolite, "7"here a suGcession of 
sub:fi.brous and micaceous minerals, such as talc, enstatite, steatjte,1 ~ijd 
other magnesian substances, frequently; interlaid with c4aiceq.o,n;51 ,au,d 
often so decomposed as to form. clay8, leadi;; to a kernel of ,mo.re or Jess 
altered chrysolite. As the result of this alteration one often p.nds la];'ge. 
gl0bular masses of apparently solid rock, which prove on , e4amip,atip.n,,, 
to consist of a tough casing of talcose rock surrounding 1an,d ,inclq,~ing , 
a mass of soft, wet, clay-like material, generally having :in 1 the -center " 
some harder but altered chrysoli te. In most parts of the mine the co-
rundum is found in crystalline masses , often of considerable size, one 
cry:stal having been found weighing 375 pounds; and at times sp~ci-
mens occur which are sufficiently tran~parent .and tinted to be of. value 
as gems. At present, however, the priAcipal part of the produ.ct is 
obtained from the so-cal1ecl "sand vein" which lies on the easterly side 
of the formation. This is a vein of cb]oritic materjal, Gonsisting of small 
scales of a reddish and yellowish brown ,color, containing sm.~11 cr.yst~ls 
and grains of corundum scattered in profusion through. it. The mate-
rial is soft enoug~ to be worked by a stream of water delivered through 
a ho e and pipe. The water not only e~cavates ihe corundum, but also 
washes it and conveys it to the mill, where it is subjected to further 
washrng and cleaning. The vein is in plaoes 6 to , 8 feet wide and is 
very cheaply mined, the corundum being of excellent quality and, owing 
to the granular condition, far advanced in preparation. 
At Laurel creek the corundum lies between the gneiss and chryso-
ite, in a band of steatite, chlorite, and talc, the latter generally indu-
rated. The spheroidal condition of the chrysolite is not so well marked 
as at Corundum hill, and the succession of the alteration products is 
somewhat different, but there can be no doubt that the same agencies 
hav~ been at work in substantially the same manner. The corundum 
occurs on the south side of a hill of chrysolite, which gradually changes 
a T he names given to the different minerals are only approximations and generally 
uch a ar u ed by t he miners ; thus under" chlorite" is understood a large serieit 
if hydrou micaceous minerals of greenish, yellowish, or brownish colors. The same 
ma)' be aid of "talc," "serpentine," etc., as r epresenting classes; while "vein'' iH 
<l to mean any material filling a. crevice, except" drift." 
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into steatite ~nd. indurated talc as it ' approaches corundum. Next 
comes a vein of chlorite containing the so-called · " .block corundum," or 
masses of almost solid corundum sparingly mixed with brown or green 
chlorite and frequently of great bize, several having been obtained of 
at least 5,000 pounds in· weight. 1 The " block corundum" is succeeded . 
by a, so-called ''horse'" of soapstone, and this by a '' sand vein" more 
compact than that at Corundum hill, the chJ..>ritic material often br€ak-
ing out in large masses which are very difficult to disintegrate. Talc, 
· enstatite, aiid dther minerals follow, and finally the gneiss is -rea:clied, 
the whole series having a general east-and-west course and the aggre-
. gate width being not less tban 100 feet. The whole corundum-bearing 
formation' may be viewed as a counterpart of the so-called '' veins"' of 
Corundum liill, though on a much larger scale aud not so easily tr~ced. 
Both of these mines are well opened and thus can be studied; but 
\vhile there are many. other localities, some showing very ' good pros-
pects for corundum, few of them have been sufficiently developed either 
to determine their value or to show the mode of · occurrence. In this 
direction there is a good field for profitable operations, if it be borne 
in mind that the discovery and proper mining of the mineral are only 
a·portion of the problem. · The preparation for market is equally impor-
tant, and' any· neglect in this will surely prove most disadvantageous. 
A good article uf well-prepared corundum will sell for double that 'of 
emery of the same,~ number;" and although the latter is much reduced 
in price, rough·ore of good quality being worth at pres.ent about-$25 
per ton at the ports •of ship~ent, at existing prices a good mine well 
managed should pay very satisfaJctory profits. 
Pro_specting for corundum.-In prospecting for corundum the surface 
indications a.re to be followed as in searching for other ores, 3/nd pits . . 
are to be sunk as usual, remembering that corundum is to be looked for 
neither in the gneiss nor in the 'chrysolite, but along the contacts of the 
two rocks, and particularly where the rocks are most altered; if a con-
tact is found it should. be ·carefully followed and the adjacent rocks 
closely examined. Chlorite, the almost unfailing companion of corun-
dum, is considered a good sign. 
In making such a search, particularly in sinking pits, care must be 
taken that the later sediment· or ''wash" he not mistaken for original 
rock in place, an error notJ infrequently made when the rocks are very 
much decomposed. The decomposition of the gneiss usµally gives a 
grayish or brownish sandy micaceous product; while •the chrysolite, in 
addition to the talc, steatite, and chalcedony, yields various red and 
yellow clays oft< .. n intermixed with small fibers and needles of other 
minerals, so that the color and appearance of the soil may often give a 
clue. As the rocks of the southern corundum field are often decom-
posed to a depth of from 30 to 40 feet, prospecting is sometimes difficult; 
but a careful preliminary examination of the surface will often save. 
mucb µseJess <H_gging, and a single pit located with judgment, and closely 
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observed during the sinking, will generally give more valuable informa-
tion than a dozen dug at hap-hazard. · 
From what had been said it will be seen that a corundum mine is nec-
essarily'' pock~ty ·" but if what bas been so far observed be generally 
' ' d. applicable, there should be no great difficulty in tracing out and fin mg 
the various pockets, and if a proper amount of .prospecting work be 
done and the abrasive value of the corundum discovered prove to 'be 
satisfactory, before any large investment is made, there is no reason why 
the same skill and energy necessary in other mining operations should 
not in this field meet with adequate reward. 
Manufacture.-The preparation of corundum and emery has for its 
object the granulation of the material into a series of "numbers" or 
grades of fineness, ranging from the finest " flour" up to particles of 
comparatively large size. All gangue and other extraneous matter must 
be removed, as it is absolutely necessary, especially in the case of co-
rundum, that all the grains of a given ,, number" shall be practically of 
th~ same size, of equal hardness, and of suitable.form. 'ro this end suc-
cessive crusbings alternate· with processes of washing, cleaning, and 
sifting, the machinery employed being similar to that used in ore.con-
centration and usually very ·simple in construction, but requiring fre-
quent repair and replacement owing to the hardness of the mineral. 
Stamps and rolls are used for crushing, great care being taken to pro-
duce as little "flour" as possible, it being of much less value than the 
coarser grades. The crushing of emery is generally much easier than 
that of corundum, though in this respect great differences of~en exist 
between the corundum of different localities, and eYen in that from dif-
ferent parts of the same mine. This is probably due to the tendency 
of corundum to alter or weather. The researches of Prof. F. A. Genth' 
and others have shown that it yields readily to the action of mineral 
solvents, becoming softer and more friable, the alumina uniting with 
other substances to form various other minerals, and these changes 
proceed with greater rapidity along certain lines of least resistance which 
originate in the arrangement of the molecules of mineral, and which are 
clearly shown by the examination of a piece of solid corundum, particu-
larly of its fracture. Even when the change is very slight and invisible 
to the eye we may have a material apparently solid and unaltered, which 
though crushing easily and giving a product of good appearance, not 
only yields too large a proportion of the comparatively valueless "flour," 
but even a · grain deficient in cutting effect. The value of corundum 
dependR entirely on its abrasive power, and this can be easily deter-
mined by taking a piece of plate glass previously weighed, placing on 
it a weighed portion of the sample to be tested, rubbing the material 
on the gla s and contmuing the operation until the glass ceases to lo e 
in w ight, the total loss in weight of the gla s giving the abrasfre power 
of the ample. If the weighings are accurately made and the same weight 
of material is taken for each experiment, the relative loss suffered by 
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the glass will prove a sure indication of the relative value of the differ-
ent samples, and such experiments should always be tried on the corun-
dum of any locality before deciding to commence mining. 
Almost all the corundum and a large proportion of the emery of com-
merce are used for the manufacture of the well-known corundum and 
emery wheels. These wheels are made according to various processes, 
some of which are known through patents, while others are secret. In 
all of these methods the cutting material is mixed with some binding 
compound or " base," molded into form, and then subjected to treat-
ment intended to give the base the qualities necessary for the uses to 
which the wheel is to be put.(a) The much greater hardnessofcorundum 
in comparison with emery requires, to obtain the best results, not only 
special care in the manufacture of the base, but also in the running of 
the wheel; and as the rapidity of grinding and consequent economy of 
work are, other things being equal, proportional tq the hardness of the 
grinding material, it is evident that a properly constructed and prop-
erly run corundum wheel will,4-within tl}e range of its work, be far more 
effective than one made of emery. Where unsatisfactory comparative 
results have been obtained, they are generally traceable either to de-
fective manufacture or, as is usually th! case, to lack of experience in 
the proper handling of a tool the value of which is amply shown by the 
steady and increasing demand. 
Exports and imports.-The exports of manufactured emery goodR, 
so far as reported,. amounted to only $1,857 in the fiscal year 1883, and 
$3,565 in 1884. Imports of unmanufactured emery during recent years 
have been as follows: 
Emery imported and entered for consumption in the United States, H!67 to 1884 incl1,sive. 
Grains. Ore or rock. Pulverizerl or ground. i ! 
Fiscal years end- 1
Powd&od., Tot•l. ingJune30-
Quantity. Value. Quantity. Value. Quantity. Value. · · 
Po'II/IUU. Tom. Pounds. 
1867 ..... . ....... --- .. -. .. --... .......... . . 428 $14,373 924,431 $38,131 ·· --- · ·---- $52,504 1868 ........•.... ----········ 85 4,531 834,286 33,549 --------- -- 38,080 
1869 ..••......... -----··--··· ····-·--- 964 35,205 924,161 42,711 ----- ----- · 77,916 
1870 .•.. . . ... : . . . --·--------· . .... ....... 742 25,335 644,080 29,531 ··········· 54,866 
1871. ..•......... ------------ 615 15,870 613,624 28,941 ............... 44,811 
1872 .•••••.... . . . ... ......... ..... ..... . ....... 1,641 41,321 804,977 36,103 . ... . . .... . 77,424 
1873 .. ....... .... 610,117 $29,706 755 26,065 34'3, 828 15,041 107 70,919 
1874 ............. 331,580 16,216 1,281 43,886 69,890 2,167 07 62,366 
1875 . .... ........ 487,725 23,345 061 31,972 85,853 2,990 
-.... ·--~~-I 
58,327 
1876 .....•... .... 385,246 18,999 1,395 40,027 77,382 2,533 61,653 
1877 ....•........ 343,697 16,615 852 21,964 96,351 3,603 42, 182 
1878 ........... .. 334,291 16,359 I 1,475 38,454 65,068 ' 1,754 34 I 56,601 
1879 .•... . ······· 496,633 24,456 2,478 58,065 133,556 4,985 ........ 87,506 
1880 ........•.••. 411,340 20,066 3,400 76,481 223,855 9,202 . 145 105,894 
1881--•••....• 1 454,790 22,101 2,884 67,781 177,174 7,497 53 97,432 
1882 ............. 520,214 25,314 2,765 69,432 117,008 3,708 241 98,695 
1883 .•••....•.•.. 474,105 22,767 2,447 51>, 282 93,010 3,172 269 85,490 
1884 .......... • . . 143,267 5,882 4,145 121,719 513,161 21,181 (b) .. ..... 
I 
a Considerable information of interest in this connection may be found in an article 
on" Emery Wheels and Emery~wheel Machinery," by W. O. Rooper, in the English 
journal Iron, of October 24, 1884. 
b Not specified. 
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Exports of manufactured emery. 
Fiecal years ending J~e 30- Value. Fiscal years ending June 30- Value. 
1878 ................................ . ....•. $1,608 ~~: :: :: : : :::::: ::::::::::::: :::::: :::::: 1~m 
1879............... . . . . . . . . . . . . . . . . . . . . . . . . 1,265 . 3, 
565 1880 . ..................•.. ~.... . . . . . . . . . . . . 1, 312 1884 .. . .... . .........• ·,. · • • · · • • • · • · • · • • • • · 
1881.. .•.. .. ..........••....... ........ .... 1,242 
INFUSORIAL EARTH. 
Beds of infusorial or diatomaceous earth have been found at a score 
of places in California and Nevada, some of the deposits being of great 
extent. Some small quantities of this substance have been utilized iu 
various ways, chiefly by the manufacturers of soap to mechanically in~ 
crease the detersive power of .their product. .A. little has also been used 
as a polishing powder, and has been sold under the name of" El Do-
rado polish," "electro-silicon," etc. The earth used as electro-silicon 
was mined in Storey county, near Virginia City, Nevada, several years 
ago, the stock then obtained having been sufficient to meet the demand 
since 1881. Companies engaged in making dynamite have been in the 
habit of importing infusorial earth from Germany, alleging that the 
domestic article is deficient in absorbent qualities, an opinion, perhaps, 
due to the employment of impure or badly selected samples; at present, 
however, other substances are supplanting infusorial .earth as an ab-
sorbent of nitroglycerine. According to Prof. Joseph Le Conte, the 
bed of Lake Tahoe, in the deeper portions of the water, which the sedi-
ment from the shores has not reached, is composed"wholly of diatoms, 
or infusorial shells, forming an ooze on the bottom. 
A deposit locally known as'' tripoli" is found on the Patuxent river, 
near Dunkirk, Calvert county, Maryland. This has been prospected to 
some extent by Mr. L. McK. Griffith and his associates, and small ship-
ments liave been forwarded to Baltimore, Philadelphia, and New York. 
On November 1, 1884, work was begun on a more extended scale, and 
drying sheds, storehouses, and a pier have been built. The bed at the 
river lJank is about 7 feet thick, of which the lower half is white and 
the upper stained yellow by foreign matter. The white earth is of 
higher quality. In a shaft sunk about 50 yards back from the river, 
the yellow portion of the bed is found to be only 18 inches thick, while 
the white is between 5 and. 6 feet thick. The earth rests upon green-
sand marl, and is overlaid by about 8 feet of sand, gravel, and clay, 
which of cour e have to be removed before mining the earth. Samples 
are aid to show 84 per cent. silica, one specimen running over 90 per 
c n ., with about 8 per cent. lime. The quantity has been estimated at 
50,0 ton . The small sales thus far made were at lower rates than 
the German kie elguhr, which brings in the New York market about 
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$18 per ton, the Maryland earth selling at about $10 per ton. The in-
dustry being a new one, the product is at the outset at a di~advanta_g·e; 
but the owners hope to introduce the earth extensively during the 
present year. ' ; 
Mr. J. M. Cabell bas made the following analysis of infusorial earth 
from near Richmond, Virginia, the sample being carefully taken. The 
_ sample proved to be almost exclusively composed of distinguishable in-
fusoria. It is white with a tinge of yellow, feels a little harsh; specific 
gravity of mass coated with varnish, 0.922; the specific gravity of pow-
der, 2.321. ·' · 
Silica: 
Dissolved in 1st hour ............... · .... - - . 
Dissolved in 2d hour .................... - . 
Undissolved . .. . .................. . ....... . 
Alumina. ................ .... .... -....... .. . - . . . 
Fenic oxide .................................. . 
Lime ................... . ..................... . 
Magnesia ........ .. . ... ...................... . 
Potash . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Soda ....... . . ............. .... .. .......... . 
Nit.rogenous matter (nitrogen x 6) •.•••. •. . ••.. 
Water by H2 S04 3. 37} 
" by 100° C. 1.17 .................... . 















To ascertain the solubilit:y of the silica as above, the powder was 
boiled in a 20 per cent. solution of sodium hydrate. 
PUMICE STONE. 
A deposit of pumice stone near Lake Merced, a few miles from San 
Francisco, California, is t,he only occurrence of this substance utilized 
in the United States. It supplies the local :rp.arket, but the amount 
mined is very small, not exceeding 70 tons yearly. The quality of the 
pumit·e is said to be equal to that from the Lipari islands. During re. 
cent years the imports of pumice stone have been as follows: 
Piimice stone imported and entered for consumption in the United Sta.tea, 1871 to 1884 in-
• elusive. 
Fiscal years ending June 30- Value, 11----F-is_ca_l_y_ea_r_s _en_d_in_g_J_n_n_e _30----'-- Value. 
1871 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $6, 448 
1872. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 796 
1873.. .. .. .. •. . . . . . . . . . . . . . . • . . . . . . . . . . . . . 9, 264 
!ill:::;::•:;;:;::::::: i : i:: ;:: :: • •• •  • 1Jill 
2 MR-46 
1878 . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . $12, 343 
1879. . . . . . . . . . . . . . . • . . . . . . . . . . . . • • . . . . . . . . 12, 892 
1880 ........ .... . .. •.. ........ ·...... . . . . . . 15, 52.0 
1881.... . . . . . . . . . . . . . • . . . . • • . • • • • . • • • • . . . . 19, 052 
1882 . ......•..... . ..•....••....••...•.••.• 29,370 
1883 ..•.........•..•••...• ~.. ............. 50,634 
1884 ...•........•. ·---· _ -·-··· ·-·· -· -·-··. 26,667 
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ROTTENSTONE . ' 
This substance, sometimes known as " tripoli," in the trade, is a de-
composed siliceous limestone, the lime of which has been washed away, 
leaving the silica in condition to be used as an abrading agent . . It is 
not produced in the United States, the supplies being brought mainly 
from Great Britain. Recent imports have been as follows: 
.Rottenstone irnported and entered for consumption in the Un-ited States, 1873 to 1884 in-
clusive. 
Fiscal years ending June 30- Value. Fiscal years ending June 30- Value. 
1879.... . . . . . . . . • . . . . . . . . • . . . . • . . • . . . • . . . . $3, 330 
1880...... ... . . . . ..... .•..••.... ...•.... .. 8,640 
1881...... ........ ........................ 3,848 
1882 . ................................... ~. 8,301 
1883 .... · ...... ,........................... 6,749 
1884 ... ·... ... . ....................... . .... 4,402 
PRECIOUS STONES. 
BY GEORGE ;F. KUNZ. 
Introduction.-This pape'r slightly repeats some of' the material of the 
former one in the 1882 report, but this is scarcely to be avoided. The 
· time allowed for the first paper was scarcely sufficient for consulting 
the literature to any great ex'.Wnt, and it was prepared from material at 
hand or from personal' observation. The interval of over a yeat has 
afforded the time necessary/ to inquire into and veri(v the authenticity 
of this matter. Where the material has been duplicated, it is only in 
part, and fuller or more authentic facts are added in this report. . A 
number of localities are mentioned where, although no .gems have as 
yet been found, the material at times is very nearly good enough for 
gems ; or else from the small amount of development, the possibility of 
g~ms being found in the future may fairly be inferred. A. few locali-
ties ar~ mentioned where specimens unexampled as such have been 
found, and have a claim on the gem .collector, since they are gem min-
erals ; and also where they have been of fina~cial Yalue t'o the finders, 
although little or no gem value may be attached to them, as in the case 
of the Pike's peak amazonstone and smoky quartz, and the Montoe spi~ 
nels. Many of these are as beautiful, if not more so, in their native form, 
than they are after having undergone the cutting, process, as for ex-
ample some of the Utah topazes, beryls from North Carolina, and rnany 
others, a fact of which almost ~ny one would be convinced by ·a visit to 
some of our finer cabinets. The cutting of such material, therefore, for 
the higher money value, is really vandalism and should be discouraged 
by all scientists. 
A.. m()st important find of g·en1 materials · and specimens during · the 
past year was at the Auburn, Maine, locality (a), which from July, 1883, 
to July, 1884, afforded possibly about $1,000 worth of tourmaline speci-
mens, and the other minerals nettea about $500 more. These were taken 
out in one month's work, and since then ft11ly '500 more has been real-
ized on those taken out by the various persons working the Iocatlity. 
The tourmalines and beryls found in the last work done by the Mount 
Mic~ Mining Company during .the summer of 1882 were still -in the pos-
session of the company, and were offered for sale in the summer of 1884 
at Bar Harbor, Mount Desert, Maine. Some were there readily sold as 
a See paragraph on tourmaline, page 743. 
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Maine gems. The cut gems owned by the company in the early part o:( 
the summer of 1884 were valued by them as follows : 
Tourmalines, from $10 to $500 each ...... '. ...... _ ... _ ......• __ ......•.•. ---- -- ..•.•...•• - -·· - --· $2,683 
Beryls and aquamarines, fro~ $5 to $50 each .... _ ........ . ....................... - . " - .. - - • - - - - - - 1,062 
There are about $400 worth of uncut specimens. No work was done 
here in 1884. 
The beryl locality at Stoneham ( a), Maine, has Y!elded fully $700 worth 
of gems and specimens to the different workers, one cr.vstal selling at 
$75 for gem material. Some very :fine blue beryls were found· here. 
The topaz locality, though it produced no topaz, from other mip.erals 
yielded the workers over $500 by the sale of herderite, columbite, and 
associated minera,Is. · · 
Work was suspended by the mining company at Stony Point, North 
Carolina., at the end of August, 1883, and was resumed for about two 
weeks during July of 1884. Since July, 1883, perhaps $500 has been 
realized from the work done. The work of 1883 brought to light some 
of the :finest crystals that 4ave yet been found, for color, but of second-
ary gem value. The largest of these was about 3 inches long and very 
perfect. The two weeks' work of 1884 discovered a few very fine quartz 
crystals containing rutile, and some containing asbestus or byssolite (¥); 
also very fine rutile crystals, though no gems. When· work will be re-
sumed is not definitely known. The adjoining property is reported to 
have been purchased with a view to working at some future time. The 
indications on Mr. John Lackey's property look very well for the class 
of minerals found in this section.(b) 
Since October, 1882, the Pike's peak topaz and phenakite locality has 
been searched to some extent, and the topaz and phenakit~ taken from 
it thus far would be valued at fully $1,500, one crystal of topaz being 
held at $100, and one phenakite also at fully ~bis amount. Two topaz 
gems cut from the stones f<,mnd here were worth fully the same each 
after the cutting. 
The Crystal peak locality, near Florissant, Colorado, has yielded 
perhaps $1,000 worth of topaz, 'SOme specimens associat~d with phena-
kite and on amazonstone, and a number of fine amazonstone crystals. 
A number of stones enumerated here, although below 7 in hardness, 
and even below 6, may suggest to some that they are too soft for any 
gem or ornamental uses. Thus apatite and :fluorite are too soft for cut 
gems, yet beautiful cups, vases, etc., can be made of tlte latter. Ser-
pentine and catlinite could be successful1y worked whP.re apatite could 
not, because they are opaque and do not show scratches, and an even, 
good color will always appear. It is only by adapting any mineral to 
its proper u e that it can be made a success. 
One of the fine t displays of gem minerals since 1879 was the North 
Carolina exhibit in the fall of 1883 at the Mechanics' Fair at Boston. 
a" Mineral Resources of the United States,1882," page 487. 
b See paragraph on beryl, page 738. 
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In this were some of the finest North Carolina quartzes, from White 
. Plains and oth~r localities; :cemarkably brilliant rutiles from Mitchell 
and Alexander counties; beautiful amethysts, some of them rutilated; 
some remarkable Alexander county emeralds, and blue, green, and yel-
low beryls, and many others that as a rule were quite new to the gen-
eral public as gem minerals. 
· Delusiv.e finds.-During the past year a number of articles have ap-
peared in regard to the finding of valuable gems, which have proved 
otherwise on investigation ; and as newspaper statements are at times 
copied into the literature, it may be well to give them notice from some 
reliable source. 
Tb~ "Blue Ridge sapphire/' or the "Georgia marvel," as it was called 
by the press, was found nearly two years ago in a brook in Georgia; in 
the Blue Ridge mountains. It was estimated to be worth.about $50,000 
by the owner, who had been assured of its authenticity as a sapphire by 
two southern jewelers, and arrived at its valuation by taking into 
account its weight. Anything scratched by a :file is sure to. be pro-
nounced glass, whether that or really topaz or some equally bard stone; 
while, on the other hand, the common fallacy may prevail that anything 
not touched by a file is to be regarded as a genuine stone, even though 
it may be only gla.ss. In this instance the gem proved to be a piece of 
rolled blue bottle glass, and its owner could be convinced of this only · 
when he saw a platinum wire coated with a melted fragment of the 
material. 
Another was a stone plowed up by Mr. James M. Smith, of Gibson-
ville, Guilford county, North Carolina, pronounced a genuine emerald, 
weighing 9 ounces, by some local expert, who tested it, and with the mi-
croscope showed that it contained various small diamonds. Its value 
was estimated up in the thousands, and .$1,000 was reported to have been 
refused for it by its owner. As it was believed to be the largest known 
emerald, it was expected by its owner that it would realize him many 
· thousands. Being therefore too valuable to be in trusted to the express 
company, he put himself to the expense of a trip to New York, where it 
proved on examination to be a greenish quartz crystal, filled with long, 
hairlike crystals of green byssolite or· actinolite, on which were series 
and strings of small liquid cavities that, ·glistening in the sun, led to 
the included diamond theory of the local expert. As $5 was the best 
offer received for the stone, it was returned to North Carolina. 
The" Wetumpka ruby," from Elmore county, Alabama, the property 
of Mr. James W. Thomas, was supposed to be a ruby of6 ounces' weight 
"after cutting away all the roughness.'' Owing to its value, it was de-
posited in the Wetumpka bank vault, and on no consideration would 
be sent to any one on approbation. A small fragment sent to Mr. L. P. 
Gratacap, of New York, and examined by him, led him to believe that 
it was only a common garnet, and from its stated quality of no value, 
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· even if a ruby. Doubtless ·it is one of tb.e large rough g~rnetis so ofte~ 
found in the South. 
Another is a qu~rtz (') crystal found by M:r. James Peppe.r, .of Dan-
bury, North Carolina, which was examined and prouotmc~d to be a 
genuine diamond by the local jewelers, ap.d valued at $7,000. 
The diamond discoveries so often reporte(j are not to be woi,.d,ered at. 
In one of the southern States one of the late .geologists who had much 
to say as to the" immutability of buman 13vents that would eventually 
lead to the finding of diamonds, rubies, sapphires, apd .eJI}eralds i)'.) bis 
State," :knew so little of the diamond that he actually sent a common 
paste imitati~n to New York to inquire as to its genuinenesij as ij, dia-
mond. Yet bis remarks have often been copied, especially a story that 
a bottle of diamonds that were wort,h many thousands of dollars was 
thrown awa,y before they were recognized. _ 
Utilization of precious ston~s.-During- the last . tep. years taste in 
furniture and decoration in the United States has reached · s9 bigb a, 
degree that eyery conceivable new idea which bas been or is applie<,I 
anywhere on the face of the earth bas been resorted to. Minerals, as a 
rule, have been only slightly utilized, owing principally to the want .of' 
familiarity with them and the methods of applJ·ing them so as to avoid 
coldness and inappropriateness. In one of the finest pairs of carved 
rosewood silver-paneled pedestals in this country the dull effect of tb.e 
rosewood was v~ry much relieved by the insertion of a number of small 
round cabochon pieces of a dark red Texas aga.te, these additions re~lly 
giving all the necessary brilliancy where polished wood was an effect 
not desired. Our large list of cheap and beautiful ornamental stones, 
such as jasper, agate, silicified woods, turquois, rose quartz, and a large 
number of others, might be introduced with ad vantage into the inlaid 
work on clocks, mantels, and ~ne furniture. The ntiljzation of rock 
crystal for hand glasses is mentioned on page 750. 
One of the ne~ departures in the United States in the uses made of 
the common stones is the introduction by a leading New York firm of~-
line of American stone goods, similar to the Scotch jewelry, the designs 
of which will be ' O improved and American gem stones used to such an 
extent in them that they will undoubtedly find a ready sale, and before 
the year is closed may be universally sold throughout the United States, 
di placing many of the cheaper varieties of gold and silver pins. Some 
of the minerals u e<l ar agate, moss agate, jasper of all colors, rhodonite, 
pyrite, labradorite, Ubester county moonstone, and other cheap Ameri-
can min ral . The de i gn are crowns, knots, thistles, shepherds' 
cro k , nail , hor eshoe , ere cents, dagger , keys, spears, urn brella , and 
a large -vari ty of other sugg ted by the variation of form and colors 
h wn in th, kal id cope. 
The followin,. t w item may perhaps be of sufficient intere t to en· 
titl th m t m ntiou in this report: During th la t tbr e. ear a. 
n elty h a peared in the form of a so-called mineral clock, consisting 
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of a plain wooden case, usually in the form of a house, and completely 
cover_ed with specimens about an inch square of pyrite, galenite, ama-
zonstone, ores from celebrated mines, and other Colorado n;iinerals. 
Tl;t.ey ·are glu~d on_, and, as a rule, numbers are pasted on each r.eferring 
to a list of the minerals on the back of the case. The ~lock part con-
sists of a 0on.neeticnt Yankee ~lock. They have sold remarkably wen · 
sin_ce they were introduced, $15,000 worth in 1882, $11,000 in 1883, and 
$20,000 worth in 1884, to be retailed at an advance of 33 per cent: In 
addition there are a large number of paperweights, inkstands, and a 
variety of objects made that h~ve netted several thousand dollars per 
year more. 
/4rrow points,-:-il.\fr. :JI. C. Stevens, of Oregon City, Oregon, writes 
that since 1878 he .h.~~ personally handled 35,000 fine arrow points, 
peculiar to Oregon, and° that fully 50,000 in all have been found by 
different persons. ·Before 1878 perhaps an equal number were found. 
Fully $3,000 have been realized on these in cash since 1878. · At pres_ent 
few are found, except after a heavy freshet and overflow of the river 
banks, where t.he greater number have been found. These points at 
times represent the highest examples of savage stone chipping, and are 
really SQ often gem material~ that the demand for them as artieles of 
jewelry is not surprising. 'l,he prices range from· $1 to $2.50 each for 
the finer ones, which are usually made· of rock crystal; flesh-colored, 
red, yellow-brown or mottled jasper, obsidian, 9r various colors of 
chalcedony. They are principalJy sold in the East, scarcely any being 
sold in Oregon for jewelry. They are not made by the present Indians 
of Oregon. Fine suites of Oregon arrow points were exhibited · by Mr. 
M. F. Savage at the Bartholdi Loan Exhibition at the New York 
A.cademy of Design, DecembE:r, 1883. 
Trilobite, ornam~nts.-:-Tbe trilobites found in various parts of the 
United States are used, when of the proper form, as charms, scarf pins, 
and other ornaments. Perhaps 99 p~r cent. of those used for these 
pl;ll'poses are found in the vjcinity of Cincinnati, espMially near Cov-
ington, Kentucky. The species is Oaly1nene senaria, which, as a rule; 
are found curled up, evidently in dying, and therefore appear either 
round or slightly oval in form, making very neat charms, a11d the 
smaller ones very pretty scarf pins. They vary in size from one-fourth 
inch to 2 inches in diameter, and are sold at the locality at from 25 cents 
to $5 each, according to beauty or perfection. The casts of the Oaly-
mene senaria, variety blumenbachii, if perfectly flattened out .and perfect 
in form, are worn at times as scarf pins. As they are entirely lim~stone, 
the surface, as a rule, is covered by thousands of microscopic brilliant 
crystals of calcite, the glitter of which is very effective. A number of 
fine trilobites are sold ann'?-ally at '11renton ~alls, especially the Oeraurus 
pleurexamthamus and Asaphas gigas from the Trenton limestone. They 
are sold, however, more as tourists' mementoes than as objects of orna-
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ment. Twenty-five dollars is often asked for large fine specimens of th_e _ 
.Asaphas gigas. 
Cat's-eye minerals.-The following minerals found in the United States, 
when fibrous or cut across the cleavages in cabochon effect, will show 
the cat's eye ray : 
Corundum: At Ellijay creek, Macon county, North Carolina, Mr. E. 
A. Hutchins cut a dark brown, almost black, crystal of corundum that 
furnished a long en cabochon gem, two-thirds of an inch across, that shows 
the cat's-eye ray distinctly. 
Chrysoberyl: The chrysoberyls of Stow, Peru, and Canton, Maine, 
would cut into poor cat's-eyes. 
Beryl: The beryls of Stoneham, and some of the North Carolina 
beryls, especially those from Alexander county, would furnish cat's-
eyes, although not fine. 
Quartz: Quartz filled with actinolite, from Cumberland Hill', Rhode 
Islaud, makes a very fine quartz cat's-eye. This is the Thetis hairstone 
of Dr. Jackson. 
Hornblende: A fibrous black hornblende from near Chester, Massa-
chusett1:1, afforded an imperfect cat's-eye. 
Pyroxene: A white compact fibrous pyroxene from Tyringham, Mas-
sachusetts, made a curious white cat's-eye. 
Labradorite: Some of the Labrador spar, when filled with included 
min<"rals and impurities, will show a cat's-eye ray; this is especially ap-
plicable to the mineral found in Orange county, New York, and that 
also in the northern part of the State. 
Hypersthene, bronzite, and enstatite, when fibro~s and cut across the 
fiber, produce a cat's-eye effect, and a,re sold abroad for this purpose to 
a very limited extent. 
Limonite: Limonite from Salisbury (Connecticut), Richmond (Mas-
sacbm;ett ), and. other American localities, would at times cut into a 
gem showing the cat's-eye ray. 
Aragonite nucl gypsum satin spars: These both produce the cat's-eyf 
effect. 
LOOALITIES OF PRECIOUS STONES IN THE UNITED ~TATES. 
Diamonds.-Referring to the paper on American gems, in "Mineral 
Re1:1ources of the United States, 1882," containing information furni bed 
by Mr. John Il. Tyler, sr., about the Manchester diamond, having since 
be n enabled to obtain a more omplete hi tory of it, as it is possibly the 
1arg :t diamond really found in the United States, I herewith pre ent 
the fact . Th fir t record I have been able to obtain is from the .i.: ew 
l'k Evening Post of April 28, 1855, which says: "We were 'hown 
Y, t relay, u hoard the teamship Jame town, what is aid to be the 
l rg · iam n <"' er di, covered in North America. It wa found ev--
ral u1 nth,· a,ro b~· a laboring man at Manche ter, Virginia, in ome. 
artb which h' wa tligging up. It was put in a furnace for melting 
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iron, at Richmond, where it remained at red heat for two hours and 
twenty minutes. It was tben taken out and found to be uninjured and 
brighter than ever. It was valued in Richmond at $4,000." This stone 
was next in the possession or' Capt. Samuel W. Dewey, now of Philadel-
phia, and by him was named the Oninoor or "sun of light," though it has 
more generally been known as the Dewey or Morrissey diamond. It 
then passed through many hands. It was cut at an expense of $1,~00 
by Mr. H. D. Morse, and at one time $6,000 was loaned on it. This 
diamond was a slightly rounded trigonal trisoctahedron. Its original 
weight was 23! carats, and after. cutting it weighed 11-H- carats. As 
it is . off-color and imperfect it is to-day worth not more than 
from · $300 to $400. Exact copies of it in glass, as it wali found, 
and also as cut, were deposited in the United States mint at Phila-
delphia, by Capt. S. W. Dewey, and also at the Peabody museum in 
New· Haven. Electrotypes of it may be seen in a number of cabinets. 
The first diamond found in North Carolina was at the ford of Brin· 
dletown creek, by Dr. F. M. Stephenson. Tt is an octahedron in form, 
and is valued at $100. Another, in the possession of Professor Featber-
stonhough, was found in the same neighborhood by him. A third, ob-
served in Mr. D. J. Twitty's col1ection by General Clingman, and de- • 
scribed by Prof. C. U. Shepard, was found at Twitty's mine, Ruther-
ford county. In form this is a distorted hexoctahedron, yellowish in 
color. A fourth was found by Dr. C. L. Hunter, near Cottage Home, 
Lincoln county, in the spring of 1852. It is Raid to be greenish in color-
arid in form an elongated hexoctahedron. Another, in the possession 
of Dr. Andrews, of Charlotte, was found at Todd's branch, Mecklen-
burg county. It was said to be a perfect crystal and of a good white 
color. Dr. Andrews reports also the finding of a black diamond 
the size of a chincapin by three persons, who crushed it, believing a . 
diamond could not be broken. He found that the fragments scratch 
corundum very readily. 
Dr. Genth reports two diamonds from the Portis mine, Franklin 
county, one of them a very beautiful octahedron. A small diamond 
was found on the headwaters of Muddy creek, in McDowell county, ~nd 
diamonds have also been reported in weight frequently from one-half 
carat up to over 2 carats, from J.C. Mills's mines, irr Burke county. Some 
of these, examined by Mr.James B. Mackintosh, proved to be quartz, and 
' another supposed diamond, found in some gravel from this mine, in the 
State collection at ,Raleigh, I found not to be a diamond, but zircon. 
The diamonds in North Oarolina are usually found associated with 
gold,. monazite, xenotime, zircon, oetahedrite, and other minerals. Dr. 
Gen th( a) says this debris is the result of the old gneissoid rocks, 
such as mica-schist and gneiss, in which graphite is always found. 
In a letter to the New York Sun Mr. C. Leventhorpe mentions the 
a "Mineral Resources ~f North Carolina," Journal Franklin Institute, November 
and December, 1871. · 
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finding at his placer mine, in Rutherford county, of a diamond of ba4 
color, wbich was pronounced a diamond and placed in the Amherst 
College collection by Prof. C. U. Shepard. The same article also men-
tions ~ fine wbite djamoild, valued at $400, found in a ~out4 Carolina 
placer by lfr. Twitty, . and states that Mr. Twi~ty has ~ diamond 
weighing 3 g~ains in his possession which was taken in Whit,(0 county, 
Georgia, from a "Jong tom." . 
In tbe cabinet of Mr. Samuel R. Carter, of Paris, Maine, ~r~ two small 
crystals of diamond weighing less than one-eighth carat, which were 
foqnd in March, 1866, at the Horshaw placer gold mine, RacooGhee val-
ley, White county, Georgia, one by Dr. A. C. Hamlin(a), of :,3angor, and 
the other by Mr. H. Ashbury. TJ_iey '1,r~ opaque and bav~ no 9efi.nite 
form. Several stones of fine quality have been found here. 
At the Ml;Ly, 18.67, ipeeti;ng of the California Acad(}my of Sciences 
Prof. B. Silliman exhibited four diamonds found in California. One, 
from Fn:i;-est m11, El ))oraqo county, weighing 0.369 gram ( = 5.673 
grains = 1½ ~ap~,ts), w:;ts of good ieolor with a small cavity and a disw.l-
oration .on one of the solid angles. This crystal, whicp. was not entirely 
symmetric:;il, was found at ,a great depth from the surfane, in a tunnel 
running into the auriferous gravel at Forest Rjll. Another was found 
at French Corral, in Nevada county, weighing 0.3375 grain ( = 5.114 
grains= 1¼ carats). It was very symmetrical in form, remarkably f,ree 
from flaws, and slightly yelIQwish, its color having been' altered by hav-
ing been subjected to a red beat. It ·had been found in the deep gold 
washipgs and was thrown out from the .cement. The th~rd was the 
property of Mr. M. W. Belshaw, weighing ().2345 gram(= 3.619 graibs, 
little less than 1 carat). This crystal is distorte,d, and has several re-
entering angles and cavities. Four others besides this ha;ve been found 
in tbe search for gold at Fiddletown, Amador county, jn the gray 
cemented gravel und.erlying a stratum of so-called lav~ or compact 
a_sbes. The other one shown was the property of' Mr. George E. Smjth, 
wbo states that it w<1,s found at Cherokee Flat, Butte county, a·nd tl}at 
he hl;Ld seen fully fifteen diamonds from this locality ; these were all 
found in the deep gravel washings, and were believed to have come 
froIJl a stratum 3 feet thick, forming part of a _superincumbent n;iass of 
material 25 feet thick. Mr. Remond (b) is quoted as authority for the 
occurrence of diamonds at Volcano, which may be the same locality as 
Fiddletown. Professor Whitney at this meeting stated that diamomls 
had been found at from fifteen to twenty localities m California, the 
largest that had come to his nQtiQe weighing 7¼ carats, having been 
found at French Corral. 
Prof. B. Silliman (c) mentions that platinum, almandine garnet, chro-
mite, pidote, gold, iricto mine, lirnonite, magnetite, pyrite, quartz, rutil 
a" Lei ur Hour among the Gems," A. C. Hamlin, page 49, Boston, 1884. 
b " Geology of California," Vol. I., page 276. 
• Amerwan. Jturncl •J 8ftfmt:e, V •l. i, li76. 
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topaz, and zircon are assoc=ith the diamond at Cherokee, Butte 
county, California. 
l\ir. v\'. P. Carpenter (a), of Placerville, states that while he was 
assisting Mr. W. A. Goodyear, assistant StMe geologist, in 1871; they 
found several diamonds in the hands of persons who did not know what 
they were; one of these was purchased as a specimen by Mr. Goodyear, 
who had found some specimens of itacolumite 3 miles east of Placer-
ville, but had kept them as curiosities. The gravel in the channel is 
capped by lava from 50 to 450 feet in depth, and of late years is worked 
by steam cement mills. He says he knows of instances where f~agments 
of broken diamonds havt; beeu found in cleaning up the batteries. He 
gives the following list of the finders of diamonds near PlacerviHe: 
.Charles Reed and Mr. Jeffries, ea~b one; Thomas Ward & Co., three, 
two white and one yellow (one of th.ese is now in the possession of Mr. 
Ashcroft, of Oakland, who had it cut in England); Cruson & Olmstead, 
four, one(b) of which, -J.x inch in diameter, was · sold to Mr. Tucker, of 
San Francisco, for $300; Thomas Potts, one small flawed stone, which 
was sold to Mr. Goodyear for $15; Jacob Lyon, one light-straw colored, 
about the size of a medium pea, and several fragments from tlrn tail-
ings of a cement mill at the Lyon mine; A. Brooks, one, small wltite; 
E. Brentfeld, one, small y_ellow, weighing two grains, whiich had passed 
through a cement mill; one was found by Mrs. Henderson in some tail-
ings that were washed for gold, and is most probably the one mentioned 
in the 1882 report as having been found near San Francisco. 
Mr. H. G. Hanks visited Cherokee Flat, with the intention of study-
ing the celebrated diamond localities, and was informed by M,r . .A. Mc-
. Dermott, of Oroville, of a diamond the ·size of a pea and ·qu1ite rouud, 
which had been sent to him ip 1862. They are found in cleaning up the 
sluices and undercurr.ents. The first notice of a diamond being found 
here was in 1853. The largest one, now in the possession of Mr. John 
More, .weighs 2-¼ carats, 9 grains. Fifty to sixty stones in all hav,e been 
found here, of which some were rose-colored and sellow, and .others 
white, and all were associated with zircon, platinum, iridium, magnetite, 
gold, etc. 
Microscopic diamonds we,re reported from the platinum sands of the 
Trinity river by Prof. F. Woehler, of Gottingen, with similar associa-
tions as at Cherokee. In all the northern counties of California di:r-c:tined 
by the Trinity river, in the vicinity of Coos bay in Oregou, and on the 
banks of Smith river, Del Norte county, diamonds may be looked for in 
the flumes and sluices. 
A fine diamond from the Spring Valley miIJe at Che1'.okee, Butte 
county~ was pre:sented to the California State museum by Mr. G. F. 
Williams, superintendent of the miue. Two diamonds fo:om here, on.e 
cut and one uncut, are in the possession of Mr. and Mrs. H~rr-is, of · 
a Second report of the State mineralogist of California. 
b Mentioned in Whitney's ."Auriferoua Gravels of tb0 Sierra Nevada." 
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Cherokee. Mrs. W. o. Hendricks, of Morris Ravine, near Oroville, bas 
also a fine Cherokee diamond set in a ring. A. diamond found in 1861, 
weighing 6 grains ( = 12 carats) is now in the possession of Mr. John 
Bidwell, of Chico. It was from a locality 1½ miles northwest of Yankee 
Hill, Butte county, and has been cut in Boston. 
Mr. C. G. Yale furnishes the following notes on the California occur-
rences: "For a period of more than thirty years the placer miners of 
California have occasionally picked up small diamonds. The hydraulic 
washings at Cherokee, Butte county, have been the most prolific. _ The 
diamonds are usually found by the miners when cleaning up thei.r sluices 
or while washing off the bed rock, though in some few instances they 
have been picked up on the surface. As a general thing · the gravel 
in which they occur is mixed with lava, ashes, or other volcanic matter; 
zircon, platinum, iridium, magnetite, etc., being associated with the 
diamonds. While many of these stones have been of good color, brill-
iant and perfect, none weighing over 3½ carats have been found in the 
State. In size they have ranged usually from about half a carat down 
to stones of microscopic dimensions, the latter being numerous in a few 
localities. So far as known $500 is the highest price for which any 
California diamond in the rough bas been sold, though large numbers 
have found purchasers at prices ranging from $10 to $50, and not a few 
at as much as $100. The stones have been of all colors, white, yellow, 
st.raw, and rose, and many of good water. A few small diamonds have 
been found also in the placer diggings of Idaho, being of a bout the same 
quality and occurring under the same conditions as in California. In 
neither region have diamonds been made the object of special search, 
those found having been picked up by miners while washing gravel for 
gold. Fragments of diamonds have been noticed in the tailings from 
the quartz mills, being the remains of stones which have been broken 
under the stamps." 
Since February, 1884, numerous notices have appeared in the p_ress of 
the :finding of diamonds under very peculiar circumstances. A jeweler of 
Milwaukee purchased from a lady customer for $1 a stone which he 
represented as being a topaz. The stone was reported to have heen 
found eight years before at Eagle, Waukesha county, Wisconsin, hav-
ing been thrown out from a depth of GO feet while excavating a wen. 
Two small stones are also reported to have been found here, each weigh-
ing le s than one-half carat, the larger one :first found weighng a.bout 15 
carat . One of the smaller stones I examined. All three stones are 
said to re emble those found at the Cape. The 15-carat stone i slightly 
ofl'-c lor, and would, therefore, be worth only about $300 at the outside 
on it m rit a a diamond. It has been offered at $1,000, owing to it 
being he fir t diamond found in Wisconsin, and it wa suppo eel by th 
own r that it would be purchased for the State cabinet. Havi11g care 
fu~ly ex mined a quantity of the gravel sent to different per on ·, 1 hav 
failed to find anything but the regular debris from glacial drift, and, 
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a,s remarked by one gentleman, believe if the box were to be filled with 
the drift material from New York City the owner would not discover 
the difference. 
In the latter part of 1883. a diamond was reported to have been found 
at Nelson hill, near Blackfoot, Deer Lodge county, Montana. This 
· stone is described as being colorless, and in form dodecahedral, with 
triangular markings, . but is more likely a trigonal .trisoctahedron with 
curved faces. Its specific gravity is said to be about 3.5; its weight 
about 12 grains. It was pronounced by an old diamond dealer of New 
York as really a diamond. · The person now owning it came into its 
possession through a Chinaman, who panned it out and handed it to 
him, and he thinks he has seen many similar stones in the mine. 
Mr. J. D. Yerrington, of New York, informs me of a brown diamond 
weighing 1 carat, and yielding when cut a gem weighing one-half' carat, 
which wasfound near Philadelphus, Arizona. Two pieces of blue bottle 
glass that had been rolled so as to lose all form, were naturally supposed 
by the finder to be sapphires, being in the same locality with the diamond. 
To insure the finding of diamonds in a new district one of the best 
methods is to familiarize the searchers with the luster principally, which 
can be readily accompli~hed, as once partly carried out by Mr. Dwight 
Whiting, of Boston. He suggested selling to the miners small imper-
fect diamond crystals (bort), mounted in a very inexpensive manner, 
so as that the entire ring or charm could be sold at from $5 to $10. 
Several thousand searchers thus prepared would soon ascertain whether 
diamonds really existed, and the crystal would also serve for testing 
the hardness of the stone as well as the luster. One of the minerals 
most likely to be mistaken for the diamond is a form of small quartz 
crystal found principally at Santa Fe and Gallup, New Mexico; Fort 
Defiance, Arizona ; Deadwood, Dakota; and Shell creek, Nevada. 
They range in size from 1 to 5 millimeters, and the prism is nearly or 
entirely obliterated. In addition to this, as a rule, the surface is slightly 
roughened, and by an inexperienced person is easily mistaken for an 
octahedron, which is almost universally considered to be the only dia-
mond shape. 
The well-known "Arizona diamond swindle" was an adroit one, and 
the locality could hardly have been better selected; but it should not 
have received so much credence, since gem minerals are so readily rec-
ognized by means of their local characteristics by gem-collecting min-
eralogists. 
SAPPHIRE GEMS. 
Corundum.(a)-In North Carolina man;y corundum localities have been 
opened, and the material found is often of a very fine color even if not 
of gem quality. It was first found in the Sta.te by Gen. T. C. Clingman, 
who came upon a large dark mass of the cleavable variety, 3 miles be-
a See also page 714 et seq. 
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low Marshall, in Madison county. Later on it was found by Dr. C. L. 
Ht'.mte1· in reddish and bluish masses at Orowder's mounta.in, and also 
at Chubb's and King's mountains~ Gaston county. 
The largest deposits.of-the finest material, .however, are those in Macon 
county, near Franklin (see "Minera1 Resources of the United States, 
1882," page 485). A very interesting variety from here, in addition to 
the gems, is a white and blue banded form which would afford cutions 
gem stones. The Culsa:gee or Corundum Hill vem is from 10 to 14 feet 
thick. Other Macon county localities are J ac.o bs & Hastrntt's mine, on 
Ellijay creek; ~obinson's mine, Sugartown Fork; Houston's mine, and 
Moore & Higton's mine. 
At the Jenks mine, at .Franklin, was found probably one of the finest 
known specimens of emerald-green sapphire (oriental emerald). It is 
the transparent part of a crystal of corundum 4 by 2 by 1¼ inches, from 
which se,"etal gems could be cut that would together furnish from 80 to 
100 carats of very fine, almost emerald-green gems (not too dark, as 
the Siamese), the largest possibly fully 20 carats in weight. As this 
gem is one of the rarest known, it makes this specimen ·a very n1iluable 
one. It is now in the fine cabinet of Mr. Clarence S. Bement, ·with a 
suite of the choicest crystals found at this mine, and it.s value is over 
$1,000. 
From near Franklin(a) a curious brown variety was found which 
shows a distinct asteria in sunlight or artificial light when the stone is 
cut en cabochon. Similar crystals have recently been found near Frank-
lin. by Mr. E. A. Hutchins, and more recently Dr. T. M. Chatard, at a 
locality 12 miles from Franklin, found a fine dark brown variety with 
bronze-like reflections. 
In the Hogback mine, Jackson county, on the feldspa:r;: hanging wall, 
sapphire is met with in crystals ; at the Cullakenee mine at times a 
deep ruby-red corundum is found, and also at Penland's on Shooting 
creek, in Clay county. Two miles northeast of Pigeon river, near the 
crossing of the Ashville road, in Haywood county, and 2 miles north of 
this on the west fork of Pigeon river, at the Presley mine, are found 
some of the finest colored specimens of blue-and grayish-blue corun-
dum. Twenty miles northeast of this, at the Carter mine, fine white 
and pink corundum is found in crystals and in a laminated form. 
Blue, bluish-white, and reddish corundum is found at Swannanoa 
Gap, Buncombe county. 
Mr. J. A. D. Stephenson found fine hexagonal prisms of a pale brown-
il:,h corundum at Belt's 1·idge, and more recently some very fair colors 
from s veral n w localities near Statesville, North Carolina. 
A ry fine black corundum crystal is in the Vanx cabinet at the 
Phil ad lphia Acad my of Natural Sciences, the locality given being 
Buncom e county, orth Carolina. This cabinet ha also a fine rnby-
a Transactions New York Academy of Natural Science, March, 1884. 
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colored corundum from Buck's creek, Clay county, and another from 
Hogback, Jackson county. 
The gr'avel deposits , of Burke, -McDowell, and Rutherford counties 
cdntain small grains and crystals of corundum usually altered into 
damourite. 
~r. E. A. Hutchins, who is dbing tnuch to develop the corundum 
properties of N otth Carolina, has some very fine opalescent and deep 
indigo-colored corundum from near Franklin and elsewhe~e in Macdn 
coun:ty. 
One of the principal Pennsylvania localities is near Black Horse; 
near Media, Middletown township, Delaware county; the cleavage 
plains of the crystals show a bronze luster, and the crystals have 
usually fixed asterias shown by Dr. faaac U. Lea(<t) to be produced by 
included crystals. 'l'hey atte here found in a· feldspatbfo rock. Near 
here are also cr,ystals, found loose in the soil, at times 4 to 6 inches in 
length. After sinking a 60-foot sl:taft fully 50 tdns were mined here, 
brtt wotk has be.en abandoned. 
Mineral Hill, near Medra, has furnished large btown and altered 
crystals. 
Near Village Green, Ashton township, Delaware county, large brown 
crystals have often been found with the brown luster. Dr. Geiith me:b:-
tions a small · mass of grayish and blue corundum with good· cleavage 
in the vicinity of the chrome tnities, Lancaster county, Peimsylvania. 
In Chester county, near Fremont, West Nottingham township, and 2 
miles south of Oxford, corundum has been dbserved .. with al bite. Near 
Unionville, Newlin township, are several loc.alities of interest, also l~ 
miles north of this locality loose crystals 3 to 4 inches fa length were 
found in the soil. (b) 
Mr. W. W. Jefferis described a new locality on the south side of the 
Serpentine ridge, in Newlin township, Ohester county, and fully 500 
pounds of massive blue corundum bad been taken out. 
Mr. Louis Zimmer, of New York, possesses a fine large crystal of co-
rundum of a deep blue color, found by him 4() mile·s north of Richmond, 
. Louisa county, Virginia. 
Professor Wilson, of Chicago, is reported to have found a large de-
posit of corundum at Lone moqntain, Pennsylvania, Good'. blue cortm-
dum has been found on Sequale creek, Georgia. 
Prof. C. U. Shepard (o) mentions specimens of asteriated sapphire 
from Litchfield, Connecticut, lacking, however, the transparency requi-
site to a .good gem. · 
Hoffmann-( d) mentions impure columnar corundum in fragments nearly 
1 inch in diameter from Silver Peak, Nevada. 
a Proceedings Philadelphia Acatlemy of. Natural Sciences, May, 1869. 
b Proceedings Mineralogical Section Philadelphia Academy of Natural Sciences, . 
1879. · 
c "Report on Minerals of Connecticut," 1837, page 64. 
d "Mineralogy of Nevada." 
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In Dr. F. A. Genth's suite of corundums are some that would afford 
opalescent stones with fixed stars, and other interesting forms from 
North Carolina and Pennsylvania. Many fine examples of corundums 
that would afford mineralogical and interesting gems from Pennsylvania 
are in the cabinets of Mr. W.W. Jefferis, now of Philadelphia, Mr. 
Lewis Palmer, of Media, and Dr. Cardesa, of Claymont~ Specimens 
from Pennsylvania and North Carolina are to be found in the cabinets 
of Mr. Clarence S. Bement, Col. Joseph Wilcox, and Dr. Isaac Lea, and 
in the W. S. Vaux cabinet at the Philadelphia Academy of Natural 
Sciences: At present, however, the finest of the sapphires for the gem 
trade really all come from near Helena, Montana, collected there by the 
miners in the sluice boxes of the placer mines. These are rolled crys-
tals, rarely over one-quarter to one-half inch long, and the colors are 
pale but brilliant. In the gravels of the upper Missouri river, in Mon-
tana, corundum .is also found in placer mining. 
The largest known crystal of sapphire( a) is the one found at the 
Jenks mine near Franklin, Macon county, North Uarolina, about 1872. 
It weighs 312 pounds and is both red and blue (ruby and sapphire) in 
color. It is now in the Shepard collection at Amherst College, and es-
caped the disastrous fire of 1882, which destroyed so many of the fine · 
objects there. 
Ohrysoberyl has been found at Stow(b), Maine, in masses weighing 5 
pounds each, and also in single distorted crystals 3 by 5 by 1 inches, of 
an opaque color; these may in part furnish very poor chrysoberyl cat's-
eyes. Large masses have also been found at Canton, Maine, of a some-
what similar character; and recently, perfect, sma,ll, and very distinct 
crystals of no gem value have been found in fl.bro.lite at a new locality in 
Stow, Maine. Peru, Maine, has also ~:fforded some crystals, though this 
locality is now exhausted. Mr. N. H. Perry found one small, very per-
fect crystal at Tubbs' Ledge, Maine, and it has also been observed at 
Speckled mountain, and at Stoneham, Oxford county, Maine, near the 
Stow line, by Professor Verrill ; also at Norway. 
Rev. Frederick Merrick stated that he had collected fifty years ago 
some crystals that be believed would furnish gems, but perhaps not of 
the finest quality, at Haddam, Connecticut, an old and well-known local-
ity, now exhau ted. The Greenfield lo~ality, 1 mile north of Saratoga 
Springs, New York, afforded many beautiful crystals, but is now also 
exhausted. It was also found in New Hampshire in granite, at the deep 
cut of the Northern railroad at Orange Summit. None of these locali-
tie , however, have furnished a fine gem. The most promi ing'lo,caJjtie 
a.re tho e near tow, Peru, and Canton, Maine, and gem , if found at 
all, will be likely to be found here. The alexandrite variety of chry o-
b ryl ha no b en observed at any American locality. 
a paper on corundum, Popular Science Monthly, Vol. XXII., page 452, February, 
1 74. 
bTran action w York Academy of Sciences, January 22, 1 3. 
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Spinel.-Mr. Silas C. Young, who has collected minerals in Orange 
county, New York, for over twenty years, writes that in the past be 
ha1:, collected small ruby spinels, also others of a smoky and purple tint 
sufficiently clear to cut, and that the locality at Bamburg, New Jer-
sey, was discovered by his father over fifty years ago. Th6 ' region of 
granular limestone and serpentine in which spinels abound is from Am-
ity, New York, to Andover, New Jersey, a dlstance of 30 miles.· Mon-
roe, Norwich, and Cornwall (New York), and Vernon, Sparta, Franklin, 
and Hamburg (New Jersey), are well-known localities. The locality 
known as Monroe, New York, which furnishe_d the monster spinel crys-
tals so well known to collectors of twenty years ago, is really some-
where between Monroe and Southfield. Its exact location was known 
only to two persons, Mr. Silas Horton and Mr. John Jenkins, both miner-
alogists, who worked it for some years by moonlight for secrecy, and 
from it took crystals that realized over $6,000. The locality furnished 
many fine crystals that were ruined in blasting and breaking out. Since , 
the death of the former miners the position of this most wonderful 
locality has been unknown. .All this region has afforded an occasional 
gem stone. 
The gahnite fr-om the Deak mine, Mitchell county, North Carolina, is 
of a very dark green color, translucent on the edges, and appears to be 
compact enough for cutting·. The localities of Franklin and Sterling, 
New Jersey, have afforded some of the finest known crystals of this 
mineral, which would cut into mineralogical gems. At the lead mine 
at Canton, Georgia, some fine ones were found on galenite. Dr. F. A. 
Genth mentions in his "Contributions to Mineralogy" large, rough crys-
tals 9 centimeters long from the Cotopaxi mine, Chaffee county, Colo-
rado. Mr. William Tatham, of Philadelphia, sent me a specimen of 
gahnite from some lead mine in New Mexico; the crystals were from 
one-eighth to three-eighths inch across, bright polished octahedrons em-
bedded in galenite. This most interesting and curious association was 
accompanied with massive garnet. The crystals were translucent on 
the edges. This locality may rightfully be regarded one of the most 
interesting for this variety, and it is to be regretted that more exact 
information cannot be obtained regarding it. At none of these places 
has this material been found sufficiently fine to make a good gem. 
Topaz.-The Platte mountain topaz locality, near Pike's peak, de-
i:;cribe<l by Rev. 11,. T. Cross(a) and by Mr. Whitman Cross(b), has 
been prospected very exten_sively during the last fourteen months, and 
many fine crystals of topaz have been found, some of them yielding 
cut stones from 10 to 193 carats each in weight, and in color ranging 
from colorless to a rich cinnamon brown, and entirely free from flaws. 
One of the larger ones, belonging to the cabinet of Mrs. M. J. Chase, 
weighs 125 carats, and. is as fine a gem as_ America has produced of any 
a American Journal of Science, October, 1883. 
b Arnerican Journal of Science,. October, 1882. 
2 M R--47 
733 MINERAL RESOUReJES. 
kind. These crystals are equal in quality to many of the finest of the 
same size from Siberja, and one fragment of good color but flawed has 
been found here which weighed 2 pounds. The crystals found in this 
locality, over. one hundred in all, during fourteen months, have sold for 
nearly $1,000, at a valuation of from 50 cents to $100 each. .At Crys-
tal peak, near Pike's peak, on large amazonstone crystals, topaz is 
found of a· slightly different type, with phenakite, and also different 
in form, from the Pike's peak variety. Some occur over 1 inch long 
and quite thick. Prof. J. E. Clayton, of Salt Lake City, visited the 
locality mentioned, and it was also visited by Lieutenant Simpson in 
184 7. Here the topaz occurs in some isolated mountains west of the 
Sevier lake, and 140 miles southwest of Salt Lake rnty by the road. 
The rock is an eruptive overflow of trachyte full of amygdaloidal cavi-
ties, in which the topaz crystals are found; they are also disseminated 
through the body of the rock. The crystals are usually small, from 1 
to 100 nrillimeters long, and from 5 to 8 millimeters ·across. The wine 
color, yellow, and blue are very uncommon, the general color being 
limpid white; they are very brilliant and of remarkable· transparency, 
closely resembling the Durango, Mexico, and the Chaffee county, Col-
orado, varieties, especially the latter, which in the same rock is asso-
ciated with small fine crystals of garnet. In· the scarcity of water the 
locality presents almost insuperable obstacles, but will no doubt be -re-
visited in the near future. The Stoneham, Maine, locality bas furnished 
scarcely a fair crystal during the year. Genth and Kerr(a) mention 
that the Orowder's mountain topaz is very doubtful, proving on exam-
ination to be kyanite. Pycnite occurs in fine columnar aggregations of 
a yellowish and brownish-yellow color, associated with garnet, near 
White's Mills, Gaston county, North Carolina. 
Diaspore.-Possibly the finest known diaspores are those which were 
found at the corundum locality near Unionville, in Newlin township, 
Chester county, Pennsylvania. The crystals were from one-half to 1½ 
inches in length, and one-quarter of an inch in thickness. The color 
varies from a white to a fawn color inclining to a topaz, while others 
are at times of slightly brownish tint. They closely resemble topaz in 
appearance, and would afford gems as fine as any yet obtained. The 
finest of tbese are in the cabinets of Dr. Isaac Lea and Colonel Joseph 
Wilcox, of Philadelphia. 
The emery mines of Chester, Massachusetts, have produced a few 
·mall crystals which might be cut into minute cabinet gems. 
J\Ir. John 0. Trautwine, of Philadelphia, obtained some minute acicular 
cry,·tals in a. cavity of massive corun<lum at the Oulsagee mine, North 
Carolina. General T. 0. Clingman also observed the mineral associated 
with blue corundum n ar Marshall, Madison county, North Carolina. 
Beryl and emerald.-Prof. Parker Cleveland (b) mentions having seen 
a "Min ,rah; and Mincml Localit ies of :~orth Carolina," page 53. 
b ":Mineralogy aud_Gcology," by Parker Clovcl.111<1, Boston, 1822, page 341. 
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several emeralds from Topsham, Maine, of a lively beautiful green color, 
scarcely, if any, inferior to the finest _Peruvian emeralds; also two (a) 
rose-colored beryls as having been found at Goshen, Massachusetts. 
The finding of an emerald at Haddam,- Connecticut, of a deep green 
color, an inch in diameter and several inches in length, is mentioned 
in Bruce't-1 Mineralogical_ Journal, Vol. V., 1, as belonging to Colonel 
Gibbs' cabinet. 
A.s no true emeralds are in existence from Haddam or Topsham, these 
may really refer to very dark green beryls. 
Of emerald specimens some of the fin~st in color, though of little gem 
value, were found during the summer of 1883 at the Stony Point minA, 
in .North Carolina. The finding of fine beryls and emeralds of pale color 
collected by Mr. J. A. D. Stephenson on the property of J. 0. _ Lackey, 
. 1 mile south west of .the Stony Point deposit, and a short distance from 
the Lyons property, on which the same mineral was found by Mr. 
Smeaton, of New York, shows that the deposit is evidently not acci-
dental, and that there is encouragement for future work in this region. 
Beryl is found in greenish-ye1low and deep green crystals, resembling 
the Siberian, in the South mountains 9 miles southwest, of Morganton, 
Burke county; in the . Sugar mountains at Shoup's ford, Dietz's, Huff-
man's, and Hildebrand's, and in smaller crystals in Jackson county. 
One :fine blue-green crystal in quartz was found at Mills's gold mine, 
Burke county, and on~ :fine tra11sparent green crystal from near here is· 
now in the cabinet of Mr. M. T. Lynde, of Brooklyn. Fine blue-green 
aquamarine occurs at Ray's mine on Hurricane mountain, Yancey 
county, North Carolina. Clear green beryls have been foun<l. at Balsam 
Gap, Buncombe county; Carter's mine, Madison county; Thorn mount-
ain, Macon county; E. Balch's, Catawba county; Fort Defiance, Cald-
well county, and at Wells, Gaston coimty. Some crystals 2 feet long 
and 7 inches in diameter, that would cut into gems with small clear 
spots, occur 4 miles south of Bakersville creek, and still others, larger, 
at Grassy creek, North Carolina. · 
The Stoneham, Maine, beryls have flocculent centers, with :fibrous ap-
pearance, and some of these may cut ill to beryl cat's-eyes. 
Beautiful transparent beryls have been found at Streaked rnountaiµ, 
Norway, Lovell, Bethel, and Franklin plantation, Maine, and very goo<l. 
ones also at Mount Mica and Graftorr, Maine. The best locality, how~ 
ever, is the one at Stoneham, mentioned in the last report.(b) Here 
some perfect gems ov~r 1 inch long were cut from the material, and the 
work <luring the last year has yielded aquamarines of a good blue 
color, the aggregate values of which amount to over $700. 
At Albany, Maine, Mr. N. H. Perry.has recently found beautiful trans-
parent golden yellow beryls that would · cut into perfect gems of over 
a" Mineralogy and Geology," by Parker Cleveland, Boston, 1822, page 344. 
b "Pl'oceedings American Association for the Advancement of Science/' 1883. 
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2 carats each. One fine-cut light sea-green aquamarine beryl from 
Sumner, Maine, in Mrs. Merchallt's cabinet, weighs about 7 carats. 
One remarkably fine deep-blue gem from Royalston, Ma:~sachusetts, 
weighing over 10 carats, is in the United States National Museum, and 
in the same col1ection is one weighing 14 carats from Portland, Con-
necticut, equal to almost any from Brazil for depth of blue color. Both of 
these localities have at times afforded :fine clear material. Some very 
clear white stones are obtained at Pearl hill, in Fitchburg, Massachu-
setts, and are sold by the local jewelers. Dr. A. C. Hamlin owns a 
very :fine golden yellow beryl of 4 carats from this locality. 
Fine crystals of beryl of almost emerald green color, al~o beautiful 
yellowish green and bluish beryls, are found in Deshong's quarry, near 
Leiperville, Pennsylvania; the crystals are at times 12 inches long, of 
a ,yellowish green color. At Shaw & Ezra's quarry, near Chester, at 
Upper Providence, and in Middletown, Concord, and Marple townships, 
fine specimens have been found. Fine beryls also have been observed 
at White Horse, 3 or 4 miles below Darby, Pennsylvania. Bluish green 
and blue b~ryls occur in the vicinity of Unionville, Newlin township, 
and on Brandywine battlefield, in Birmingham township. One crystal, 
of a dark tourmaline green tint, over one-half inch long, in the cabinet 
of Mr. Michael Brodley, of Chester, Pennsylvania, is from Middletown, 
Delaware county, and would afford a :fine gem. Some of the gems from 
· here, especially those from the John Smith farm, have much the ap-
pearance of bluish emeralds. The :finest American golden yellow beryls 
are found at the Avondale quarries, Delaware county, Pennsylvania. 
A 20-carat gem is in the cabinet of Mrs. M. J. Chase, and material for 
another is in the cabinet of Mr. Clarence S. Bement. Mr. B. B. Cham-
berlain has lately found six fine yellow beryls, 1 to 2 carats each, in 
Manhattanville, New York City, 
The variety of beryl found at Goshen, Massachusetts, and called 
goshenite, occurs in pieces transparent enough to afford gems. 
Phenalcite.-About fifty crystals of phenakite have been found during 
the last year, of which fully one-quarter woul<l aoffrd gems, some over 
6 carat in weight and absolutely pellucid; the largest crystal found 
was 3 inches aero s ; the finer ones are equal in quality to the Siberian. 
They have been observed at the locality near Pike's peak(a), and 
al o near Crystal peak small ones on amazonstone. . At the topaz 
lo ality at Flori ant, El Paso county, Colorado, pheuakite(b) occurs in 
small but v ry interestiug crystals implanted on microcline amazon tone. 
1'h y are rarely oYer 5 millimeters in size, au<l are very transparent and 
colorl , and would afford minute gems. 
Euclase.-Only one mention is made of euclase in the United State .(c) 
a W. Cro s, fa .Ll:rnerican Jo urnal of Science, October, 1882. 
b Id ntifi d by Mr. W. Cross in December, 1 '1. 
c " fin ral8 and Minoral Localities of North Carolina," 1 1. 
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In this case several crystals were reported as found at the resi.dence of 
Mr. Morrill, Mills's Spring, Polk county, North Carolina, by Gen. T. L. 
Clingman, in washing the gold sand at this locality, and Dr. F . .A. 
Gen.th says this mineral was not euclase. . 
Zircon.-At a locality near the Pike's Peak toll road, due west from ' 
the Cheyenne mountains (a), zircons are found in a soft yellow mineral 
in a quartz rock. The crystals found here are the most beautiful ever 
found of this mineral, nearly always brilliant and often transparent; in 
color generally a rich reddish brown, although at times pink and honey-
yellow, some few emerald-green crystals also having been found. They 
are rarely o:ver one-eighth inch in diameter, as a rule not over one-tenth, 
and yet some of them would furnish very interesting small gems. 
Opaque zircon is found at several localities in the Pike's Peak district, 
in one case associated with amazonstone and in another with astro-
phy llite, also with a flesh-colored microline in tlie same region, and in a 
quartz rock. No gems have been found in these localities. Zircon is 
abundant in the gold sands (b) of Polk, Burke, McDowell, Rutherford, 
Caldwell, Mecklenburg, Nash, Warren, and other counties in North 
Carolina, in nearly all the colors peculiar to Ceylon; yellowish brown, 
brownish white, amethystine, pink, and blue. They have many planes, 
but are too minute to furnish gems of any value. Gen. T. L. Clingman, 
in 1869, obtained within a few weeks 1,000 pounds of the well-known 
brownish crystals from Buncombe county, North Carolina. They occur 
in equal abundance at Anderson, South Carolina. The latter are readily 
distinguished from the North Carolina crystals~ being much larger, often 
1 inch across, and the prism is nearly always very small, the crystal 
beiug made up often of th~ two pyramids only. 
Fine crystals of this mineral have also been found in Lower Saucon 
township, Northampton county, Pennsylvania, and three-fourths of a 
mile north of Bethlehem. The gravels of the D~laware and Schuylkill 
riYers contain considerable quantities of very minute nearly colorless 
crystals of zircon. Some fine. ones over 1 inch in length have been 
found at Litchfield, Maine, and all through the cancrinite and sodalite 
rocks near them. In the Canfield cabinet are some of the finest known 
ulauk zircons, perfect crystals over 1 inch long, which were found near 
Franklin, New Jersey. 
A.ndalusite.-The andalusites of Upper Providence, Delaware county, 
Pennsylvania., described by Prof. E. S. Dana (c), are worthy of men-
tion from the fact of their remarkable size, one of the crystals weighing 
7 pounds, although not fit for gem purposes. 
Andalusites of a fair pink color not entirely perfect, but still of a 
quality to produce mineralogical. gems, were found to some extent at 
a American Journal of Science, October, 1882. 
b "Minerals and Mineral Localities of North Carolina," 1881, page 44. 
cA.merican Journal of Science, III., Vol. IV., December, 1872. · 
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Westford, Massachusetts(a), some of the crystals being 2 inches long 
and one-fourth inch across. 
No new crystals have been found at the Gorham, Maine, locality(b), 
of which a brief mention was made in the last report. 
Andalusite has been found on the slope of Mount Wiley, Standish, 
Maine, by Mr. Lucien Holmes, of Standish ; the crystals are fully one-
quarter to three-eighths of an inch in diameter and of a good flesh-pink 
color; they would cut into very fair mineralogical gems. While col-
lecting on the Dresser farm, back of the Lucien Holmes farm, I found 
some crystals similar to the above, equally as transparent, associated 
with. crystals of pyrrhotite in a quartz ledge. The locality associations 
being identical at the three places, although 6 miles apart, would lead 
to the inference that this mineral must occur in some abundance in this 
vicinity, and that these are only outcrops of the same rock, which may 
yield some fine gems if the proper amount of work he expended there. 
Prof. W. P. Blake (c) first ~bserved that in Mariposa county, Cali-
fornia, in the drift of the Chowchilla river, near the old road to Fort 
Miller, chiastolites are found in great abundance in fine crystals, show-
ing the dark crosses on a white ground in a remarkably perfect and in·-
teresting manner. They are also found in the stratum of conglomerate 
which caps the hills above the streams, and these were doubtless all 
originally in place in the slates a little higher up the river. Smaller 
and less perfect "macles" are found. in the slates at Hornitos on the 
road to Bear valley. The Mariposa, California, crystals, are rather the 
finer. 
The interesting and well-known illustrations in Dana's "System of 
Mineralogy," page 372, well indicate the endless variety of markings 
that may exist in this mineral and the beautiful ornamental effects that 
could be produced, serving also purposes of personal adornment. 
Lancaster and Westford, Massachusetts, have produced many of the 
fine~ t "macles" ever found. 
Schorlomite.-The schorlomite of Magnet Cove, Arkansas, as a rule 
is penetrated by white crystals of apatite, but at times is very free from 
all foreign matters, and very compact, breaking with a very bright con-
choiual fracture. Its superior hardness impressed me enough to try 
aucl ee the effect in gem form. It proved on cutting to yield a dead 
black tone of not quite as metallic a luster as rutile, but rather a mod-
ification between it and black onyx. As it occurs in sufficient quantity 
we h, v here material that will form a new and :fine mourning gem; 
ton _can be cut of any size to perhaps over 20 carats, as the mineral 
occnrs to fully thi ize. The first stone cut was over 6 carat in weight. 
It is the only gem of metallic lu ter over 7 in hardness. 
taurolite.-Th taurolite of Fannin county, Georgia, 12 miles outh-
a, 'ch 1 of fin 8 c· hiue , New York. 
b" r · dings American A.1:1 ociation for the Advancemontof Science," 1 
c 'N'. P. Blak : " 1in ral Localities of California," 1 66. 
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east of Ducktown, Tennessee, first described by Prof. E. S. Dana(a), _ 
has furnished some of the finest known twinnings of this material. 
From their beauty these have found a sale abroad as ornaments and 
~harms, and are more highly regarded tlian those found at Bretagne, 
France, which the superstitious believe were dropped from Heaven, 
according to the legend. They occur twinned in single and double 
crosses, and large quantities were found in decomposed rock, of which 
perhaps one-tenth were perfect crystals. They usually require a certain 
amount of scraping and .cleaning when fouJ?d, 
Some fine brilliant crystals are found at 1\Tindham, Maine, some of 
the twins forming fine crosses. Occasionally crystals are found here 
that. would afford small mineralogical gems, if cut. Their use for nat-
ural ornaments is exceedingly ·limited abroad, and here they are used 
scarcely at all. 
Staurolite is found also at Franconia and _Lisbon, New Hampshire, in 
mica slate; on the shores of Mill pond, loose in the soil; at.Grantham; 
at Cabot, in Vermont; at Uhesterfield, Massachusetts; at Bolton, Litch-
field, Stafford, Tolland, and Vernon, Connecticut; on the Wissahickon, 
8 miles from Philadelphia,. in abundant reddish brown crystals; and at · 
Canton, Georgia, at the lead mine. 
It is also found at the Parker mine, Cherokee county, North Carolina, 
in fine twins; also on Persimmon, Hanging Dog, and Bear creeks, Madi-
son county, and TusquiteP creek, Clay county. At the latter localities 
. it is found in argillaceous and talcose slates. 
Some staurolite macles similar to a chiastolite are described by .Dr. 
C. T. Jackson from Charlestown, New Hampshire, which by insensible 
shades pass into andalusite macles. · 
Iolrite.-The late Dr. "']_'orrey possessed a fine seal made of a. cube of 
iolite from the albite granite of Haddam, Connecticut, that displayed its 
dichroitic properties to the greatest perfection, the blue being remark-
ably fine. . Though this locality promised well, the supply of gem 
material was scant. It has been found near the .Norwich and Worces-
ter railroad, between the Shetucket and Quinnebaug, where the gneiss 
has been quarried for the road. At Brimfield, Massachusetts, on the 
road leading to Warren, it occurs with andalnsite in gneiss, and also 
near Norwich, Connecticut. It is found also at Richmond, New Hamp-
shire, with anthophyllite in a talcose rock. No gems are being found 
at present. 
Tourmaline.-One of the remarkable tourmaline localities (b) of the 
world is Mount Apatite, on the Hatch farm, Auburn, Androscoggin 
county •. Maine, t.he locality first discovered by Mr. S. R. Carter. It 
was worked by Mr. N. H. Perry, who first found the true vein in 1882, 
and obtained probably one thousand five hundred crystals. They are 
aAmm·ican ,Journal of Soience, Vol. XI., May, 1878, page 385. 
b American Joiirnal of Science, Vol. XXVII., ._\pril, 1884. ''Proceedings.American 
ABrociation for the Advancement of Science," 1883. 
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usually Mlorless, light pink, ljgbt blue, bluish pink, light golden, and 
sections show the characteristic variety of color, such as blue and pink, 
green and pink, when viewed through the end of the crystal. Some of 
the faintly-colored crystals afforded gems that were considerably darker 
after the cutting. 
During the last summer the north side of this locaUty bas been worked 
by Mr. G. 0. Hatch and Mr. T. F. Lamb, and much darker material has 
been found, especially the green colors, some of which equal anything 
found at Mount Mica. Rude black crystals were observed here 8 inches 
in <liameter and 12 feet long, and at times inclosing quartzite. Several 
specimens were almost emerald color, and would afford gems. This 
promises well to afford fine gems for some time to come, as well as the 
Mount.Mica locality. 
Mr. Lucien Holmes, of Standish, Majne, found crystals of green, red, 
and blue tourmalh1e on the Hussey farm, but they were not of gem 
quality, although very good as crystals. As little work has been done, 
this locality might improve by development. The specimens at Bates 
College, Lewiston, labelled ''Baldwin," are supposed to have been found 
at this locality. 
During the last yea:::- Mr. E. G. Bailey and Dr. A. C. Hamlin have 
opened the Mount Black locality at Rumford and Andover, Maine. 
The indications here are quite good for gems, and a quantity of rubellite, 
a great quantit:r of lepidolite, spodurnene 3 feet long, cookite, ambly-
gonite, and other minerals similar to those of the Mount Mica, wer(3 
taken out, none however of gem quality. 
The tourmaline mentioned in Hamlin's "Tourmaline," page 72, was 
found about 1860, by .Augustus Lane, at Welcome's Corner, on the 
Boutelle farm. This specimen was first recognized by Dr. Hoar. The 
locality is about half a mile from the Hatch farm, and the indications 
were found by Dr. Hamlin on working, in 1860 and 1862, to be the same 
as at the Hatch farm.· 
The localities in Mafoe that have furnished fine tourmalines are 
Mount Mica at Paris, two localities at Auburn, Hebron, Norway, Mount 
Black in Andover and Rumford, as well as t1Je Standish locality; the 
two latter have furnished no gems. 
Some of the finest of the cut rubellites and green tourmalines are in 
the po ession of Prof. C. U. Shepard and members of his family. One 
f the most magnificent known green tourmalines is one, the color of 
which i d~scribe<l by Professor Shepard as of a cbrysolite-green, and 
having a blue tinge, while less yellow and more green than chrysolite. 
It i 1 fach long, i inch broad, and 1 inch thick, and finer than any of 
th· p g ms. One fine rnbellite of two-thirds this ize, and equally 
fin , ne pink topaz one-half this ,'ize, and one rernarkablercbellite th 
·iz of ih Jarg gre n tourmalin<', arc also jn pos. e, sion of thi family. 
1 h Hamlin ·ahin t (a), the firt cry ·tal of which wa · fonud in 1 ..,,o, 
a Se ''The Tourmali ne," Ly A. C. Hamlin. 
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contains manJ" hundred fine rubellites, in1icolites, achroites, and :fi~e 
pink, green, yEllow, and other colored tourmalines, mostly from Paris, 
Maine. It is the finest tourmaline collection in the world, and really 
would furnish full suites for a dozen cabinets. One wonderful dark gem 
of 28 carats, 1 inch long, one achroite of 23 carats, and rpany fine stones 
of nearly every known shade of color of this gem, are found in this 
cabinet. 
·The DeKalb, New York, locality of white tourmalines afforded a few 
fine crystals. The choicest of these, in the cabinet, of Mr. Clarence S. 
Bement, is over 1 inch long, and would cut into a gem weighing over 
10 carats, that for light yellow color would be equal to that from any 
American locality. 
Dr. Genth(a) mentions beautiful light yellow, brownish yellow, 'and at 
times white crystals, at Bailey's limestone quarry, East Marlborough, 
Pennsylvania; yellow crystals at Logan's limestone quarry, West Marl-
borough; brown, light yellow, at times transparent, at John Nivin's 
limestone quarry, New Garden township; and green tourmaline in talc 
has been found near Rock ·spring, Lancaster county. Very beautiful 
crystals of black tourmaline are f(?und in Delaware county; near Leip-
erville, it is found in crystals of 5 inches in length and l½ inches thick, 
aud well terminated ; aJso in Marple township, terminated with two low , 
rbom bobedra. These are about as fine as black crystals are ever founu. 
Bluish and brownish green tourmaline is found in fine crystals, pene-
trating damourite and diaspore, at Unionville, Newlin township. 
The brown tourmaline found near .Amity, and called xanthite, Mr. 
S. C. Young informs me he has observed transparent enough to cut 
into gems. 
A small, well terminated, transparent green tourmaline (b) was found 
by Colonel Mills, on Silver creek, Burke county, North Carolina; also 
a black crystal 4 inches long, inc1osed in_ a green beryl crystal. 
Garnet group.-Although the garnets found in the diamond mines at 
the Cape of Good :f!ope, the so-called Cape rubies, afe larger in size, 
and perhaps equal to those of Arizonn,, New Mexico, etc., by daylight, 
yet there is undoubtedly no finer garnet found that looks better in the 
evening than those from the garnet regions of the United States. The 
<lark color in Cape garnets remains by artificial light, whereas with the 
American garnets nothing but the clear blood color is visible. They a.re 
of fine quality and plentiful on the Great Colorado plateau. Hoffma,nn 
mentions good though small crystals of garnet from Black Canon, Col-
orado river, Nevada. Fine small almandine garnets are also found in 
the tracbyte of White Pine county, Nevada. Some very :fine cryst~ls 
of garnet have been found during the summer at Round mountain, 
Albany, Maine, by Mr. Edgar D. Andrews. The large dodecahedral 
and trapezohetlral garnets, coated externally with a brown crust of 
a ''Preliminary report on the Mineralogy of Pennsylvania," page 96. 
b "Minerals and Mineral Localities of North Carolina," page 52. 
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limonite, but usually on breaking showing a bright and very .compact 
material, are often as fine in color as the Bohemian gem material, and 
should find a ready use for watch jewels and other like purpo&s. Some 
of these crystals weigh 20 pounds, and would afford large dishes or 
cups measuring from 3 to 6 inches across. Some have been cut into 
very :fine gems. They .are found in Burke, Caldwell, and Catawba 
counties, North Carolina. A very large quantity has been found about 
8 miles southeast of Morganton, in Burke county, and also near Warlick, 
in the same county. Another ·good locality is 4 miles from M~rshall. 
Many of them are very transparent, varying in color from the purple 
almandine to a pyrope :red. Ma,ny tons have been crushed to make 
"emery" and the sandpaper called garnet paper. The peculiar play of 
color is often due to the inclusions. In these, as well as those from 
Stony Point and elsewhere, at times nearly one-quarter of the entire 
crystal is taken up by cavities of fluid, acicular crystals, etc. 
Pyrope of good color has been observed in the sands of the gold 
washings of Burke, McDowell, a,nd Warren counties, North Carolina. 
The Avondale, Pennsylvania, quarry has.furnished some of the :finest 
known crystals of common garnet as specimens, one of them measuring 
2½ inches across (in a piece of quartzite), in color a rich purplish red, 
with beautiful na,tural polish and remarkably sharp angles. It is, per-
b aps, as fine as it is possible for this mineral to occur in crystal form, 
aud is in the cabinet of Mr. C. S. Bement. · 
Iron-rlumina ga,rnet is found in Concord township, at Deshong's 
quarry, Shaw & Ezra's quarry, and at Upland, near Chester; also in 
Darby, Acton, Lower .Providence, Haverford, and Radnor townships, 
Pennsylvania. A dark red variety, similar to pyrope in color~ is found 
in the bed of Darby creek, near the Lazaretto, in Delaware county. 
Some peculiar garnets of a deep blood-red color have been mistaken for 
pyrope, but an analysis made by Mr. 0. A. Kurlbaum proved them to be 
true garnets. Many garnets have been cut by collectors from both 
Uhe ter and Delaware counties, and some of these were of very fair 
quality. At Acworth, Gr3,fton, .and Hanover, New Hampsbire, gar-
11et of gem value have often b~en found. At Russell, Massachusetts, 
a vein of garnet, very dark in color, and called there black garnet (not 
melanite), was opened during the last two years, and many fine crystals 
ha e been taken out, partly by Mr. Daniel Olark, of Tyringham, Massa-
ch u etts. These have been sold as specimens only, or exchanged for 
mineral , and were valued at fully $1,000 in all. 
Beautiful transparent essonites one-fourth inch in diameter have been 
found at the Avondale qua,rry, Pennsylvania. They a,re entirely tran · 
parent and quite flat, being usually found between plates of mica. A 
:£ w hay b en found qnal to the Ceylon essonite8. Essonite bas been 
fo n<l f good quality at Milton plantation, and at the Carter, P rry, 
an v ild pr p rtie , Oxford county, Maine. Very fine es onites, red 
an l fin yellow,, er formerly found at Phippsburg, Main . Mr. George 
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w·. Fiss, of Philadelphia, found some of the most beautiful natural 
gems of microscopic yellow garnets in the cleaning out of a small 
ca.vity at the microlite locality near Amelia Court-House, Virginia. In 
the cabinet of Dr. Isaac Lea are some crystals of a rich, dark, oily green 
grossu1arite, transparent1 from 1 to 5 millimeters long, that were found 
at the Good Hope mine, California. Some very fair crystals of a rich 
green grossularite, from 1 to 5 millimeters in diameter, are found at 
Hebron and West Minot, Maine. 
The colophonite from Wil1sborough, New York, although of a beau-
tiful1y rich, irrideseent color, has never been utilized, owing to the small 
size of the grains and the friability of the large masses. At Franklin, 
Sussex county, New Jersey, immense crystals of the different varieties, 
melanite, polyadelphite, colophonite, etc., have been found, but rarely 
in crystals that would afford a gem. 
The beautiful and rare garnet, ouvarovite, was first described as occur-
ring in this country by Prof. 0. U. Shepard(a), as having been found 
in minute nearly transparenf emerald.green crystals one-tenth inch in 
diameter at Wood's chrome mine, Lancaster county, Pennsylvania. 
The ouvarovite. from Oxford, Canada, adjoining Newport, Vermont, on 
Lake Memphremagog, is found in large quantities, at times in masses 
over 1 foot across. The crystals, however, are very small, being rarely 
over one-sixteenth inch across, though usually of a good color. The white 
garnet from here, described by Dr. T .. Sterry Hunt(b), although not in 
crystals, is identical with the fine crystals found at Wakefield(c), Can-
ada, and has been cut into white gems. The Wakefield ouvarovite is 
much finer than the Oxford crystals, some one.fourth inch across having 
been found, one of which is now in· the cabinet of the late Mr. John 
G. Miller, of Ottawa, Canada. . 
Garnets are found at many localities in California and Arizona. Ac-
cording to Prof. W. P. Blake they have been found at the following 
places in California : Rodgers mine, in the eastern part of El Dorado 
county, a green grossula:r stone in copper ore; near Petaluma, Sonoma 
county, associated with specular iron, calcspar, and iron and copper 
pyrites; in the Ooso district, Inyo county, in large semi-crystalline 
masses of a light color, some specimens of which were taken to San 
Francisco under the impress~on that they contained tin; 3 miles from 
Pilot Hill, El Dorado county, in blocks several feet thick; also in Plu-
mas, Mono, Fresno, Los Angeles, and San Diego counties. Garnets 
occur in great quantities in mica-schist at the mouth of the Stikeen 
river, near Fort Wrangel, Alaska. Blood-red stones are plentiful on 
the N acimiento desert, near Fort Defiance, northeastern Arizona. They 
are found here in the loose sand, having probably been brought by ·the 
action of water from a point 50 miles to the north, where they occur in 
a American Journal of Science, 2, XLI., page 216. 
b " Geology of Canada," 1863, page 496. 
c "Proceedings American Association for the Advancement of Science," 1883. 
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the so-called syenite. This is thought to be the place where the perpe-
trators of the famous '' diamond swindle" procured the garnets with 
which they salted the bogus diamond field. In the western part of 
Arizona, on the same parallel with Fort Defiance, garnets have been 
ob~ierved on both sides of the Colorado river. 
Kyanite.-Tbe finest American kyanites were possibly those formerly 
found at Chesterfield, Massachusetts, a fine example of which is in the 
British Museum cabinet at South Kensington. The crystals in this are 
all distinct, of a fine dark blue color, and would cup into some small 
mineralogical gems. 
At the locality at Derby creek, Moon's ferry, Delaware county, Penn-
sylvania, fine deep azure-blue blades 5 and 6 inches long have been 
found, which would .afford gems if they were thicker. Blue, green, and 
gray specimens are found at East Bradford. 
Fine crystals are found, together with la,zulite, at Chubb's and Crow-
der's mountains, Gaston county, North Carolina, on the road to Coop-
er's gap. 
In Maine kyanite is found in fine crystals at Windham. 
The old localities are Worthington, :Blanford, Westfield, and Lancas-
ter, Massachusetts; Litchfield and Washington·, Connecticut ; Strat-
ford, Salisbury, and Bellows Fans, Vermont; near Wilmington, Dela-
ware, and at Willis mountain, Buckingham county, also 2 .miles north 
of Chancellorsville, Spottsylvania county, in Virginia. 
No really fine gems have as yet been produced from American kya-
nite. 
Danburite is found in considerable quantity at Russell, New York. 
Lithia emerald (hiddenite).-Lithia emerald, or hiddenite, has been 
found in very small quantities at Stony Point, Alexander county, North 
Carolina, since the spring of 1883; nearly all the gems sold by the com-
pany now are, therefore, of old material, usually small stones, or else 
rather light colored. 
SILICA. GROUP. 
Transparent q'uartz.-In Herkimer county, New York, quartz crys-
tal. have been collected by many for their remarkable brilliancy and 
perfection, rivaling even those found in the Carrara marble; many col-
1 ·ction of them have been made, notably one by Rev. Bogert Walker, 
of Herkimer. There are a number of others at Middleville, Little Fall 
Uanajoharie, and other places. Many are sold along the railroads, a 
l wo-ounce vial of them u ually bringing $2. Crystals with a drop of 
wat r bring from $1 to $30; single fine limpid ones, from 10 cent" to 
25. At time they are brilliant1 transparent, and perfect as any known 
,·n •tan· , whitn ven than any diamond. Curious grouping or iu-
·lu i n , u ·h a. bitumen, pearl spar, etc., also bring fancy prices. 
n · fine cry -tals w re obtained. where the railroad wa , op ned, at 
Mirl evill and ewport al o at Lit:;le Fans on the line of th "\ i:t 
' ' 
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Shore railroad. The old diggings at Little Falls have been worked so 
extensiYely that the high way has been encroached upon, thus partly 
p:i:eventing further digging. There crystals are in demand all over the 
United States, several men being required to dig nearly all the time to 
supply the demand from all quarters. At Diamond point arid Diamond 
island, Lake George, the same crystals occur as in Herkimer county, 
and are extensively sold there. 
Some of the most magnificent known groups of quartz were formerly 
obtained at the Ellenville lead mines, Ulster county, New York, some 
of the finest of which are now at the American Museum of Natural His-
tory, New York City. Few, if any, of these were used for gem purp~ses, 
although many were sold as souvenirs at the locality over twenty years 
ago. The Sterling mine at Antwerp, New York, furnishes small, fine, 
doubly-terminated dodecahedral crystals, and the same forms, slightly 
different, are also found in the specular iron at Fowler, Herman, and 
Edwards, Saint Lawrence county; Diamond hill, Lansingburg, is an 
ol<l but poor locality, and Diamond island, Portland harbor, Maine, is 
well known for the small but bright crystals found there. 
Dr. Genth, in" Preliminary Mineralogy of Pennsylvania," mentions 
crystals from 1~ to 3 inches across, short and thick, but with clear 
pyramid, from Nazareth, Northampton county, Pennsylvania; also fine 
crystals, 1½ inches long and wide, from Crystal springs, on Blue mount-
ain, in Bushkill township. 
The highly modified crystals from Diamond Hill and Oum berland Hill, 
Rhode Island, also the fine ones from White Plains arid Stony Point, 
Alexander county, and from Catawba and Burke counties, North Caro-
lina, are worthy of mention, and lafely formed the subject of a crystal-
lographic m!3moir by Pmf. Gerhard vom Rath. 
The San Fran<;isco Bulletin of July 16, 1884, mentions the finding of 
a large deposit of crystal or pebble . stones on the Santa Margarita 
rancho, San Diego county, California, special reference being made to 
one specimen of pure crystal 8 inches in diameter. 
Mention is made by Dr. Daniel G. Britton(a) in a paper on the folk 
lore of Yucatan, in quoting the language of Garcia. that the natives · 
were converted from Pagan idolaters to Uhristian idolaters, and speak-
i.ng of the belief in witchcraft and sorcery among them, that the wise 
men divine with a rock crystal and that it bas great influence over 
their crops. Their occurrence in the mounds of Arkansas, North 
Carolina, an<l. elsewhere, and the abrasion of the crystalline edges, 
woul<l. lead to the inference that they were not collected only to bury 
with the dead, but that they were carried by the natives for a long time 
to produce certain influences, and having been used for such purposes 
were probably buried with them as their property. Personal observa-
tion in Garland. an<l. Montgomery counties, Arkansas, carried on at times 
40 miles from the Crystal mountain locality, showed these crystals 
a Folk Lore Journal, August, 1883. 
750 MINERAL RE~OURCES. 
associated with a quantity of some of the finest chipped arrow points of 
chalcedony anywhere found, and yet no trace of a chipped crystal could 
be found among them. ln a number of the mounds leveled by the 
farmers in cultivating, and not worked systematically, many single 
crystals OP quartz were revealed, which may, however, have been kept 
for their beauty and symmetry by the Indians. These masses of trans-
parent quartz, especially from North Carolina, would afford perfectly 
clear crystal balls, at least 2 to 4 inches in diameter, and a few have been 
cut over 2 inches . 
.A large mass weighing 5 kilos was recently brought from Alaska, 
and was only a part of an original mass which must have weighed 20 
kilos. It afforded clear crystal slabs for hand glasses 3 by 5 inches. 
' The superiority of this material over glass lies in the fact that it does 
not, like glass, by its color detract from the rosiness of the countenance. 
A fine glass of this kind is in the Dresden " green vaults." 
Armethyst.-One of the finest .American amethysts was lately shown 
me by Mr. L. M. Ives, of New York City. The color was nearly equal 
to the finest Siberian, and the crystal would afford a gem' three-eighths 
inch arcoss. It was fom1d by ~r. Ives, J ½ miles from Roaring brook, near 
Cheshire, Connecticut . 
.Amethyst of a light purple and at times pink color is found in crys-
tals 3 inches long and over in large abundance at Clayton, Rabun 
county, Georgia. At times these have large liquid. cavities contain-
ing movable bubbles of gas. The,y are of little gem value, although fine 
as specimens. Some fine amethysts in the Hamlin cabinet are from 
Oxford county, Maine. Very fair crystals were formerly found at Mount 
Crawford, Surray, Waterville, arid Westmoreland, New Hampshire. 
Some very fair crystals have been observed at Bristol, Rhode Island. 
· Dr. F. A. Genth(a) mentions magnificent specimens from Delaware and 
Chester counties, Pennsylvania. .Among the principal localities may 
be mentioned the farms of S. Entrikin, William Gibbon, Mrs. Faulkes, 
and Dr. Elwayne, in East Bradford township; in Pocopson township, 
Johu Entrikin's and Joseph B. Darlington's; Birmingham township, on 
Davis B. Williams's farm; in Charlestown township about 1 quart of 
loose crystals were obtained; on Charles Passmore's farm, Newlin town-, 
l1ip, about 100 pounds have been found. Mr. W. W. Jefferis(b) an-
nounced that amethysts of a rich purple color had been found in the 
1wrtbern part of Newlin township. Splendid crystals, one weighing 7 
pound,', though uot gem material, were found at Morgan Ilunter's farm 
in pJ) r Providence. Other localities are Astor, Concord, Marple, and 
li<l<ll •town townships. Near Twa<l<.lle's paper mill, in Birmingham, 
tlt 'Y are found in clu ters, and in isolated cr;ystals near Dutton's mill; 
a" Pr liminary r port on tho Mineralogy of Pcllnsylvania," pag 57, B. 
b "Proce ding~ Philadelphia. Academy of Natural cience, Min~ralogical Section," 
p· ge 44. 
PREeretrs STONES. 751 
also at Chester and Thornbury, Delaware county, Pennsylv3,nia, where 
many fine gems have been found, well known among the cabinets. 
Hoffmann mentions amethyst on the mesa near the mouth of the Rio 
Virgen, Nevada. In Llano and Burnett counties, Texas, some very fair 
amethysts have beeh found; and at·Grand Rapids, Wood county, Wis-
consin, also in the amygdaloid on the Lake Superior shore, and in Michi-
gan in trap· rock at Keweenaw Point and _Point Aux Peaux, Monroe 
county. 
In the Yellowsone National Park and at Holbrook, Arizona, ame-
thysts line the hollow trunks of agatized trees, varying in color from 
light pink to a dark purple, and forming a be_autiful contrast with the 
chalcedony and banded agate sides of these specimens. They occur also 
in small crystals at Nevada and neighboring localities oi;i. Bear creek, 
Clear Creek county, on the summit of the range east of the Animas, 
Colorado. The Lake Superior variety found at Prince Arthur's land-
ing, often of large size, is spotted with the coating of red mosslike 
markings so well known, giving them a moss-amethyst effect, if cut, 
though as a rule the coating is so ewm as to cover the entire surface, 
and nothing but a brick-red color is visible unless the crystals are 
broken. Notwithstanding the abundance of this mineral, but few gems 
could be cut from this locality. The West Shore railroad tunnel at 
Weehawken, New Jersey, brought to light a few very fair amethyst 
specimens in the volcanic rock. 
The most remarkable amethyst as yet found in the Uniied States has 
lately beeu deposited in the National Museum by Dr. H. S. Lucas. It 
is a turtle-shaped prehistoric chipping, measuring 2!¾ inches in length, 
2 inches in width, and 1½ inches in thickness. The entire piece is trans-
parent, :flawless, and would afford a remarkable gem if cut. 
Citrine is mentioned by Hoffmanil.(a) as occurring at Tuscarora, Gold 
Mountain, and in Palmetto canon, Nevada. At Taylorsville and Stony 
Point, North Carolina, a number of clear pieces of this m,aterial were 
found that cut fair stones weighing over 1 ounce each. Occasionally 
at the Herkimer and Lake George localities quartz crystals have a fine 
citrine tint. 
Smoley quartz.-The quartz of Herkimer county, New York, and 
Diamond island and Diamond point, Lake George, is at times of a 
variety of beautiful smoky tints and exceptionally pellucid. Some fine 
sm,)ky quartz has been found at Goshen, Massachusetts, and by Mr. 
Gideon Bearce at Minot, Maine. A mass of fine clear smoky quartz 
weighing over 6 pounds, with clear spaces several inches across, was 
foun<l in tht3 summer of 1884 . on Blueberry hill, Stoneham, Maine; and 
a fine crystal over 4 inches long and 2 across, very clear in parts, was 
found near Mount Pleasant, Oxford county. Dr. Genth(b) mentioned 
smoky quartz near Philadelphia; on the Schuylkill, near Reading, Berks 
a'' Mineralogy of Nevada." 
b "Preliminary report on the Mineralogy of Pennsylvania," page 58, 
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county; near Ha,rnrnf'rstown, Dauphin county; in Upper Derby, near 
Garre(h; road tollgate, aud uear the Kellyville schoolhouse, all in Dela-
ware county; also at the tunnel near Phamixville, and in East Not-
tingllam an<l Birmingham townships, Chester county. In certain parts 
of Dela.ware J.nd OLester counties the amethyst and smoky quartz grad-
U;),lly shade into e,wh other, a characteristic peculiar also to many 
from U1e North Oarolina localities . • Alexander, Burke, and Catawba 
counties and other localities afford fine smoky quartz crystals. Some 
very fine ones have been found at Iron Mountain, Missouri. 
From a region 20 miles west of Hot Springs, for about 60 miles west-
ward, the quartz crystals as a rule are all doubly terminated and de-
tached, and are found loose in the sand between the breaks or vein-sin 
the sandstone, which somewhat resembles the calciferous sandstones of 
Herkimer, New York. At tbtLt part of this region called ., the gem 
country," neare1:;t Hot Springs, the crystals are quite white, but grad-
ually shade into a dark smoky color at the other end of the district. 
As a rule all the quartz is filled with fluid cavities. Some four hundred 
crystals with liquid inclusions were obtained from two veins of sand 
within three days. 
Most of. the cut articles of smoky quartz sold at the tourist localities 
are of foreign material cut abroad at a very low figure. Smoky quartz 
pebbles are rarely found in the sand:-; along our coasts. At the water-
ing· places, such as Long Branch and Oape May, they are, however, 
occasionally found and cut aR souvenirs. 
The Pike's peak region at Bear creek is by far the richest locallty for 
smoky quartz,a11<l rnauy thousands of crystals have been procured from 
1 inch to those from 1 foot to over 4 feet long.(a) Oon~iderable of this 
material has been sent abroad for cutting. · Crystals are also found on 
Blk creek and the Upper Platte. Smoky quartz is found near Placer-
ville, El Dorado county, California, in the placers. A fine large crystal 
6 fncb es in diameter wa in the cabinet of Dr. White, of Placerville. 
A , pecimen of the rose quartz from Stow, Maine, cut into a long 
double cabochon from a massive transparent piece of quartz, distinctJy 
sliows the asteria effect similar to the star Rapphire, if viewed by sun-
light or artificial light. 
Aventurine(b) quartz; Las uot been obse.rved from any American local-
ity in fine ·pecimeu~, although mentioned by Dr. }1. M. Endlich a· oc-
curring on Elk. creek, Uolorado. Prof. John Collett ha lately found 
a -C w small specimenH of white aventuriue quartz pebble· in the drift 
u ar lndianapoli . 
Rose quartz.-At tow, Albauy, Pari ;, and a number of ·other locali-
ti 'S in ~ lain , the v in · of quartz shade from white, tran ·parent, arnl 
p· J '· c •nt re· m bliog hyaliue quartz, often witl1out any imperfection , 
thr ngl1 faintl tinted pink anu ·lightly salmon colored, into a rich ro 
a r. A. E . 001 1 · a.hiuet. 
bT uth Annnu.l R>port, F . V. Ila)d,m, Goologica.l urv<'y, 187G, page 1:10. 
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color, thus forming a beautiful series of tints of color that have merit for 
a common gem or for ornamental stone work. Possibly as fine trans-
parent opalescent rose quartzes as have ever been found were recently 
obtained, in pieces free from all flaws, of a fine rose-red with a beautiful 
mHky opalescence 4 by 5 inches in size, at Round mountain, Albany, 
Maine. A beautiful opalescent quartz has been found at · Daw river, 
Stokes county, North Carolina. Rose quartz is found at many locali-
ties in the granites of Colorado, also in fine specimens at the head of 
Roaring fork, from neal' Clear creek, and on Bear creek. It is men-
tioned by Hoffmann, from Tuscarora, Moray, and Carlin, and Silver 
Peak~ Nevada(a); also by Sweet(b) in crystals from Grand Rapids, 
Wood county, Wisconsin. 
Prase.-Prase is found always crystallized at the various limonite de-
posits on Staten I~land, New York. As specimens the mineral is very 
good indeed ; groups of crystals are often 8 or 10 inches across, although 
the crystals are rarely over one-half_ inch long and o_ne-eighth 'inch in 
diameter. The color as a rule is a dark leek green of no gem value. 
Prof. W. P. Blake(c) mentions a greenish-tinged quartz resembling 
datolite in color, from the French lode, Eureka district, California. 
Hoffmann, iu the "Mineralogy of Nevada," mentions prase in crys-
tals at Reese river, San Antonio, and occasionally on the mountain 
. near Silver Peak. 
A translucent leek-green variety( d) of chalcedony and quartz occurs 
in the syenitic range of the Lehigh, especially at the allanite locality, 5 
miles east of Bethlehem, Pennsylvania. Prase is found at Blue hill, 
Delaware county, in doubly-terminated crystals, in curious crossings 
and rosettes several inches across ; also in inferior specimens near Dis-
mal run, Delaware county. Very fine quartz(e) occurs in its massive 
variety at George.Van Arsdale's quarry, Bucks county; in Delaware 
county at Radnor; and in East Bradford township, Chester county. 
Quartz inclusions.-The quartz inclusions as they occur in some varie-
ties are sometimes of great beauty, and constitute au important part of 
the American gem minerals. As some of these are quite rare and lit-
tle known among collectors, mention of a few of the leading American 
localities may not come amiss.(/) 
Two of the finest known specimens of rutilated quartz are of Ameri-
cau origin ; they are massive smoky quartz, evidently _parts of one 
crystal. One of them was originally in the possession of the late Dr. 
Chilton(g) as early as 1847, and is now in the Vaux cabinet at tbe 
Philadelphia Academy of Sciences. It is about 7 by 3½ inches, and is 
a" Mineralogy of Nevada." 
bSweet's "Minerals of Wisconsin." 
c" Catalogue of Minerals of California," i866, page 20. 
dPreliminary report on the Mineralogy of Pe:snsylvania, page 59. 
ePrcliminary report on the Mineralogy of Pennsylvania, page 58. 
f Seo also paragraphs on rutile, amethyst, and gu.rnet. 
g "Proceedings American Associa,tiou for the Advancement of Science,'' 1849. 
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completely filled with transparent essonite-red crystals of rutile, some 
of which are-over 6 inches long and from the thickness of a knitting 
needle to that of a thin lead pencil; the larger ·crystals are slightly 
flattened. · The other belongs to Prof. Oliver P. Hubbard(a), of Darts-
mouth College, and is 7 inches long by 3 inches across, and of a rich 
smoky color. The included crystals are a fine essonite-red, but not 
thicker than a, knitting needle; Both we.re brought from some Ver-
mont locality now unknown; belil'ved, however, not to be Bethel or 
Rochester, notwithstanding these localities have furnished many fine 
crystals of similar size :filled with beautiful rutile. Beautiful pieces of 
quartz 3 by 4 inches, and fine crystals of quartz penetrated by beautiful 
clove-brown and black rutile, were formerly found at Middlesex, Ver-
mont. 
Rutilated quartz of unexcelled beauty, the rutile usually brown, red, 
golden, and black, has been found at many localities in Randolph, 
Catawba, Burke, Iredell, and Alexander counties, North Carolina; and 
during the last year, at the emerald mine at Stony Point, crystals of 
quartz have been found 3 inches in length, and :filled with rutile as 
thick as a knitting needle. Fine pieces of quartz 4 -inches square, con-
taining acicular rutile of a rich red color, were found near Amelia 0ourt-
House, Virginia. Some :fine acicular crystals of rutile in limpid quartz, 
in the possession of Mr. Joseph Wharton, were found near Knitzer's, · 
Lancaster county, Pennsylvania. 
Mr. Samuel R. Carter has in his cabinet cut specimens of pieces of 
bluish quartz filled with small acicular crystals of indicolite, somewhat 
resembling rutilc in quartz, with the exception of the blue color. These 
were found in pieces over 1 inch square at the famous tourmaline local-
ity at Mount Mica, Paris, Maine. 
The mining operations at Stony Point, North Carolina, brought to 
li,ght a number of crystals of quartz, some 4 inches long and 3 inches 
across. Large pieces of quartz 3 inches square, :filled witll what appears 
to be a ·bestus or byssolite, form interesting and pretty specimens. 
The inclosures of · what appears to be gothite in red fan-shape crystals 
from North Carolina also form very pretty and interesting gem stones. 
A fine limpid crystal(b) of quartz, 1 inch long and two-thirds of an 
inch in diameter, penetrated by :fine green crystals of actinolite one-half 
millimeter ill diameter, is said to have been found at some Virginia 
locality. The o called Gibsonville emerald(c), exactly similar to the 
above, the crystal being 3 by 2 inches, was plowed up in a :field at Gib-
. onv1lle, North Carolina. 
Some cry taL of limpid quartz have been found in California con-
taiuin<Y particle' of native gold; one of these wa said to be 1 inch 
Ion n, and in ·Io: d a 1:;cale of gold about the ize of the encl of a finger 
a "l'ro<:e ·<li11~. Am<'ricn.n A1-,sociation for the Advancement of Science," 1 49. 
1J '· hin ·t oi" Tiffany ·. Co. 
C pag • 725. 
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nail. Two of these inclusions, not so large, are in the possession of 
Rev. W. C. Hovey, of Minneapolis, Minnesota. 
fn Nevada county, California, in the Grass Valley. mines,. quartz is 
often found supporting gold between the crystals. · Pellucid crystals of 
quartz, some 1 inch long and three-fourths of an fach across, filled with 
a very brilliant stibnite projecting in all directions and some of them 
curiously bent, were found at the Little Dora mine, Animas forks, Sau 
Juan, Colorado, Mr. John W. Palmer, of Chicago, owning a very fine 
one. This material is capable of being made into one of the finest of 
this class of gems that have been found at any locality. 
T.he beautiful specimens -Of limpid milky quartz, and also quartz 
crystals, the latter at times from three-fourths of an inch to ·2 inches 
long, are found penetrated by crystals of black hornblende varying in 
size from acicular to those one-sixteenth inch in di~meter and at times 
6 inches long. They interlace and penetrate the quartz in every direc-
tion, making a very beautiful gem and ornamental stone. Fine pieces 
6 inches square Lave been fouud. It occurs at the quarry at Calumet 
hill, Cumberland, Rhode Island, where the workmen, as a rule, know-
ing its value, secure the best specimens for disposal to the greatest ad-
vantage. Some hundreds of pounds of this material were sent abroad 
a few years ago to be cut up for jewelr.v at Idar and Oberstein. As, 
however, work has been suspended at the locality, the mineral is likely 
to become somewhat uncommon. Cut specimens sell at from 50 cents 
to $5, and specimens polished on one side at from 25 cents to $5. This 
locality is one of the best known for this association. 
Among other inclusions that might be utilized .for gems may be men-
tioned the following : Crystals of quartz filled with specular iron found 
at the Sterling mine, Antwerp, New York; quartz including scales of 
hematite from King's Mills, Iredell county, North Carolina; dolorpite 
in pellucid quartz of Herkimer county, New York; crystals of quartz 
containing cr,vstals of the green spodumene (biddenite) from Stony 
Point, North Carolina, and fine inclosures. of chlorite and mica, green 
when viewed through the side of the prism, from several North Caro-
lina localities. 
The corals and sponges of Tampa bay, Florida, which are so often 
found there altered to chalcedony by the sileceous waters, are at times 
filled with fluid that was imprisoned while the regular deposition of 
silica closed the apertures that admitted the siliceous water. These, 
as well as the ones found in Uruguay, the so-called hydrolites, or water-
s tones, are always lined with drusy quartz. If not as beautiful as those 
from Uruguay, they are even more interesting, and have been sold at 
from $2 to $20 each. 1 
J.'he crystals of quartz from the Herkimer (New York), North Caro-
lina, ancl Arkansas loealities, containing fluid cavities with moving 
bubbles, are at times cut into _ornaments which are not only interesting 
l>ut .pretty. One of these pure limpid crystals with a crescent-shaped . ' ~ ., 
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cavity, from Little Falls, was mounted in a pair of gold ice-tongs to 
represent a cake of ice. These crystals are valued at {rom $1 to $25 
each. In .Rabun county, Georgia, the fine amethysts often contain 
these cavities nearly 1 inch long, and would afford good gems, as would 
also those from Stow, Maine. 
The quartz pseudomorphs, after calcite cleavages, from the locality 2 
or 3 miles northwest from Rutherfordtown, Rutherford county, North 
Oarolina, at times contain liquid in irregular-shaped cavities, and from 
their breaking out in good shape can be utilized for curious ornaments. 
This variety of quartz was also found by Mr. J. A. D. Stephenson in 
Iredell county. Possibly the finest specimen is one belonging to Mr. 
W. B. Dinsmore, of New York City. It is about 1 inch long and the 
surface is coated with a beautiful bluish white chalcedony with a curious 
rough surface, and it is perfect on all sides, with .a free movement of 
the bubble. It is so thin and so filled with liquid that the liquid would 
weigh fully twice as much as the quartz walls. It is of the proper size 
and sufficiently beautiful for personal ornament. As nearly as can be 
ascertained it is from some locality in Georgia. 
In the cabinet of Dr. Isaac Lea, of Philadelphia, there are perhaps 
thousands of remarkably fine and unique inclusions in quartz, as well 
as in all known gems, probably, in fact, every known form of mineral 
inclusion, forming undoubtedly the finest cabinet of "included min-
erals" in the world, the result of scores of years of keen observation 
and careful microscopic work. In the cabinet there are, of course, 
many stones which could be cut into fine gem stones, but which possess 
a higher interest as mineralogical specimens. 
Agate and chalcedony.-The "trap" along the Connecticut river, especi-
ally at A!Ilherst and Conway, Massac~usetts, and Farmington, East 
Haven, Woodbury, and Guilford, Connecticut, affords agat~B of consid-
erable beauty, though rarely over 3 inches across. The so-called chal-
cedonic balls of Torringford are very handsome when polished; and 
the rich carnelian shades with milky translucency afford a pleasing con-
trast. Many of these were cut into the form of sealstones as early as 
1837(a), which were fully equal to any from abroad in the delicate ar-
rangement of the layers and the richness of the colors. At Natural 
Bridge, Jefferson county, New York, fine agates have been found. The 
Belmont lead mine, Saint Lawrence county, bas afforded some -very 
good chalcedony. White, yellow, and blue chalcedony of good size wa 
found 4 miles east of Warwick, at Bellvale, Orange county, New York, 
by Dr. W. Horton.(b) 
Chalcedony i found in Delaware county, Pennsylvania, principall 
at Middletown and Marple. Brown botryoi<lal masses occur at the Hope-
well mine; al 0 1 at Williston, West Nottingham, West Goshen: ~nd 
London Gro e townships, in Che ter county; a pale blue variety at 
a C. U. 'hepard: '' Min ralogical Report of Connecticut " 1837. 
b"G l · ' ogical 'urvey of New York," 1840; Report on Orange county minerals. 
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Cornwall, Lebanon county ; near Rock spring and Wood's mine, in 
Lancaster county ; between Clay and Ham burg; also, at Flint hiJl, 
Berks county; in Cherry valley, Munroe county; at Conshohocken, 
Montgomery county, and at other localities in Pennsylvania. From 
many of these localities, especially iu Delaware and Chester counties, 
ringstones, sealstones, and other ornaments are worn by the residents 
who have had them cut from local material. 
Agates are found abundantly on the entire Lake Superior shore, aud 
along the Mississippi -river, especially iu Minnesota, and fine chalce-
dony occurs 5 miles north of Grand Rapids, Wisconsin. .Agate and 
clrnlcedony are both found at the Fox river, Illinois. Agate, chalcedony, 
and carnelian are found near Van Horn's wen, Texas, and ·near Hot 
Spring·s, Arkansas. 
The agates of the Yellowstone Nation~l Park and Holbrook, Arizona, 
equal any yet found. · 
A rich fawn and salmon.colored chalcedony has been found in Burke 
county, North Carolina, by E. A. Hutchins. At Caldwell's, .Mecklen-
burg county; near Harrisburg and Concord, Cabarru1;1 county, and Gran-
ville, Orange county, and jn other localities in North Carolina, :fine 
agates and chalcedony have been found. 
In Colorado chalcedony is found 8 !lliles south of Cheyenne mountain 
at the Los Pino8 agency at Chalk Hills; on the bluffs near Wagon-
Wheel Gap and along the upper Rio Grande valley; in Middle and 
South parks, Buffalo park, Fair Play, Frying Pan, Trout creek, Gun-
nison river, and frequently in drift accumulations. 
Agate is found in fine specimens lined with 'amethyst on the summit 
of the range of the Animas, clouded white. and gray in the lower tra-
cbytic formations of the Uncompahgre group. It occurs in ·a variety 
of forms, clouded, banded, laminated, and in a variegated form, at 
the Los Pinos agency; also in the South park in the drift, in the lower 
Arkansas valley, on the Frying Pan, and throughmtt the Middle park 
in the form of onyx and sardonyx, on the lower Gunnison and adjacent 
regions. 
Prof. W. P. Blake(a) mentions large masses of white chalcedony,· 
delicately v·eined and in mammillary sheets, near the Panoches, in 
Monterey county, California; on Walker river, Nevada; also of a :fine 
pink color near Aurora, Esmeralda county, Nevada; and in pear-shaped 
nodules in the eruptive rocks between Williamson's Park and Johnson's 
river, Los Angeles county, California. 
Beautiful pebbles of agate and chalcedony are abundant along the 
beach of Crescent City, California, and are often cut as souvenirs; 
they are usually of a light color. In the pebbly drift of the Colorado 
river they are more highly colored, more abundant, and of larger size; 
many of the surf-worn pebbles of the Pescadero beach, California, are 
agate and quartz, of very fine brtght colors; occasionally these are 
a" Minerals of California," page 9, 1866. 
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utilized as gem stones. Fine agates and jaspers are found about the 
Willamette, Columbia, and other rivers in Oregon. · Beautiful red and 
yellow carnelian and sardonyx result from tbe silicification of the corals 
and sponges at Tampa bay, Inorida, and although the pieces are not 
large, the colors being natural are very good. 
The silicified bones of tbe atla,ntasaurus found at Morrison, Colorado, 
have at times a coarse cellular structure, infiltrated with carnelian, giv-
ing a very pleasant effect of a brilliant red striped and mottled appear-
ance. 
Chalcedony coats and incloses tbe crystallized cinnabar of the Red-
ington and other mines of California; and these crusts, if cut with the 
cinnabar, form very pretty and interesting gem stones. 
S-ilicified coral.-The true silicified corals found at Schoharie, New 
York, along tbe Catskills, and at a large number of other American 
localities, form very pretty gem stones. Some similar to the so-called 
fossil palm wood from India have been observed at a few localities in 
New York State. , One very interesting black siliceous. coral form with 
large white markings was found at Catskill, New York; when cut ac~oss 
the large white columnar lines the effect was very pleasing and orna-
mental. 
Silicified wood.-· In the valley of the east fork of the Yellowstone 
river, and in the volcanic Tertiary rock, which here attains a thickness 
of 5,000 feet and is made up of fragmentary volcanic products which 
have apparently been redistributed by water and now form breccias, 
conglomerates, and sandstones, Mr. W. H. Holmes(a) mentions the oc-
cu~rence of silicified wood in great abundance, and in· some cases the 
trunks are in situ in these strata. 
In the. valley of the main Yellowstone, in the Gallatin range, and 
about the sources of Canon and Boulder creeks, also near the divide at 
the head of Boulder creek, ~nd at a number of points above this line, 
may be observed trunks many feet in height and of gigantic propor-
tions, standing in the identical strata in which they grew. In genera,!, 
these strata are horizontal. Three miles south of Gardiner's river, at an 
elevation of 6,000 feet above the sea, silicified trunks are found in sand-
stone belonging to the same strata. On the south side of '.Fhird canon, 
opposite the mouth of Hell-roaring creek, is a massive promontory, in 
which many fine trunks are exposed in a conglomerate. At Amethyst 
or Specimen mountain some of these trunks have been found 10 feet in 
diameter. Many thou 'and of silicified trees arc found·; in some ca e 
the tructure is well preserved, and in other cases completely agatized 
or opalized, and lined with crystal of calcite, quartz, and beautiful 
am thysts. In this locality many of the finest specimens of American 
sili ·ifi d woo<l are found. 
Tb workm n on the Denver and New Orleans railroad iu 1882(b) 
a "Geology of th Yellowstouo Nn.tional Park," page 4 . 
bA. E. Foote, Naturalist's Leisure Hour, July, 188-2, page 32. 
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while within 20 to 30 miles of Denver, Color ado, between Cherry and 
Running creeks, were met by an obstacle in the form of a buried forest. 
The trees are of various sizes, all silicified and agatized, and buried at 
depths of from 10 to 20 feet; they are very perfect and are met with in 
a half dozen localities. 
Numerous newspaper articles have appeared on the utilizing of the 
petrified forests near Holbrook, Arizona, by a company which is making 
large ornaments of thP material, and which have gradually driven the 
so-called California and Mexican onyx out of the market. A com-
pany has been formed, however' and a large exhibition of this material 
was made at New Orleans, and a quantity of the mineral was sold, 
usually as small paper weights or for small jewelry ~rnaments. The 
company has been reorganized, and with its new sawing machinery 
hopes to be able to c·ut table-tops, tiles, and for other like purposes. 
The matflrial is one of the finest known for color and hardness that 
could be used in this way. A. stump, 18 inches across and 3 feet high, 
was sold to a Russian at New Orleans. Immense quantities of the 
material exist in Arizona and in magnificent specimens. One in the 
Peabody museum is fully 24 inches across and very compact; some of 
the trunks are at times magnificently lined with quartz and amethyst. 
Oue tree, fully 100 feet long, spa!).ning a chasm and making a natural 
bridge, is one of the attractions. Som~ use may arise for the material 
if cheai> polishing and slitting can be introduced, and no doubt in the 
near future some developments will be made in this line, since a second 
company has obtained property adjoining that of the company doing 
the ·work. The cutting of some sections of a 12-inch trunk into bottoms 
for solid silver trays is one of the novelties introduced by a leading 
jewelry firm. · 
Jlfoss agate.-McJs agate was formerly found near Hillsborough, 
Orauge county, NJth. Carolina. The agatized trees from Holbrook and 
Specimen mount show these mosslike markings more like the fine tree-
stones from Brazil than our common American agate. One curious 
stalactite of chalcedony, about 3 inches long'and having the appearance 
of a piece of common sperm candle, had. a black core through its entire 
length about the size of a candle wick, making it at first sight scarcely 
distinguishable from a half.used candle. It was unfortunately cut into 
a number of matche<l stones for cuff-buttons, which were very unique 
with the beautiful blacir central dot. 
In tlle southeasteru part of Humboldt county, Nevau.a, are large quan-
tities of moss agate of the dendritic and "fortification" forms, wb ich, 
however, have been utilized to a very limited extent. 
Moss agate has been very sparingly used during the past year, the 
sales amounting to not over $1,000. Si.nee the recent introduction into 
cheap jewelry of the Chinese natural green and artificially-colored red 
an_<l.yellowmoss agate, the sa_le of the fmerican has almost entirely fallen 
oft. A so-called moss agate 1s found at Rock Springs, Lancaster county, 
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Pennsylvania, and also near Reading, Berks county. A beautiful moss 
jasper is found in Trego county, Kansas. 
Ohrysoprase.-Possibly the best American cbrysoprase was found 
within the last year by Mr. F. :E. Monteverde, at Nickel mountain, near 
the town of Riddle, Douglas county, Oregon. The chrysoprase was 
observed in small veins about one-eighth inch thick7 and furnished a 
number of flat stones of a rich green color, that were over 1 inch square; 
it occurs in a vein of serpentine associated with the nickel ores. 
Traill(a) mentions chrysoprase from New Fane, Vermont, which min-
eral Prof. J. D. Dana refers to green quartz and not chrysoprase, 
although it was also so-called at the locality where found. 
A fine green-colored specimen intermixed with a black hornblende 
that would afford gems 1 inch across was shown to me by Mr . .E. A. 
Hutchins, of New York, and was found at some locality in Macon 
county, North Carolina. 
Mr. Thomas A. Tabor, in 1839, mentions in a letter to Dr. C. A. Lee 
the occurrence of chrysoprase in Chester county, Pennsylvania, with-
out any description of its quality, though one would infer that it was of 
gem quality, since Mr. Tabor was a jeweler. Dr. F. M. Endlich(b) 
mentions ch_rysoprase as of rare occurrence in Middle park, Colorado. 
0pal.-Beautiful fire opal without any opalescence is found in Wash-
ington county, Georgia, and was first described by Prof. G. J. Brush, 
who has the finest piece in his cabinet. It is a vein about one-fourth 
inch thick and 2 inches square. 
Common opal occurs rarely in small masses of a greenish and yellow-
ish wltite with vitreous luster, at Cornwall, Lebanon county, Pennsyl-
vania. It is found at Aguas Calientes, Gilson gulch, at Idaho Springs, 
Colorado, in narrow seams in the granite, and most of it is brownish. 
Mr. J. W. Beath states that he had seen fine opal specimens showing 
play of colors, said to have come from the Idaho Springs locality. At 
Colorado Springs it occurs milk white in color. 
The following is communicated byMr.C.G. Yale: ''While the precious 
opal llas never been found in the Pacific division, the common kind 
occurs in numerous localities. Large and very beautiful opalized 
wood is frequently found in the hydraulic mines of California. Small 
stone, in great number are also taken out of some of the drift mines. 
A few of these being infi.ltered with the oxide of manganese, giving 
tllem the appearance of being filled with moss or ppssessing other pe-
culiarite , are enough sought after to give them some little value." 
Hoffmann( c) mentions opal in magnificent colors ( evidently opaliz d 
w od) , ith silicifi.ed wood, and states that on breaking some of the 
larg trunk· at an Antonio, Nevada, fine specimens were obtained. 
- -
a'' uartz an<l Opal," page 35. 
b" Catalorruc of iinerala found in Colorado," 1876; tenth annual report of the 
Hayd n , urv ·y, pag0 150. 
c" Mineralogy of .i:Tevada." 
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Hyal-ite occurs with cachalong at several localities in Yavapai county, 
Arizona; at the Philips ore bed, Putnam county, New York; and cach-
a1ong at Bellevale, 4 miles east of Warwick; in Burke and Scriven 
counties, North Carolina; in-yellow fluorescent coatings upon gneiss at 
Frankford, Pennsylvania, and at Avondale, Delaware county, in bluish-
green ; also at Megarge's paper mill on the Wissahickon_. Hyalite oc-
curs at Concord, Cabarrus county, and the Culsagee mine, Ma_con county, 
North Carolina. Associated with semi-opal it is mentioned in the Mount 
Diablo range about 30 miles south of l\fount Diablo. 
Prof. W. B. Blake(a) mentions that a rich white variety of opal is 
found at l\fokelumne Hill, Calaveras county, California, or on the hill 
near that place known as Stockton hill, on the west side of Chile gulch. 
A shaft had been sunk 345 feet, and the opals were found in a thin 
stratum of red gravel. They varied in size from that of a kernel of 
corn to a walnut, many of them containing dendritic infiltrations of 
oxide-of manganese resembling moss. In 1866 about a bushel of these 
stones were raised in a day, and were reported to have a market value. 
A milky variety similar to the . above, and without fire, is found with 
the magnesite on Mount Diablo, 30 miles south of the mountain ; also 
in the foot hills of the Sierra, at the Four creeks. 
Beautiful pieces of a moss-marked opal, similar to moss agate, are 
found in Trego county, Kan8as. They are often 3 and 4 inches across. 
Semi-opal is found together with the chalcedonies at the Los Pinos 
agency, and north of Saguache creek, Colorado, in trachyte. 
Geyserite.-Some ·of the geyserite from the geysers in· Yellowstone 
park, especially ,at Firehole river, occurring in such a variety of con-
cretionary and imitative forms, might' be used for small ornaments. 
Jasper.-Dr. Genth mentions that cat'~-eye has been observed in sev-
eral localities; a fair hexagonal cryst~l with the pyramid of greenish 
color, resulting from very fine fibers of actinolite disseminated through 
it, came from York county, Pennsylvania; it is found also 5 miles east 
of Bethlehem at the allanite locality, but not of gem quality. 
A curious dark-gray piece of quartz was obs~rved from the West 
Shore railroad tunnel at ·weehawken, New Jersey(b), that was filled 
with what seemed to be byssolite, but really may be an altered pecto-
lite~ and would cut a tolerably fair mineralogical cat's-eye. 
The so-called Thetis hairstone described by Dr. Jackson(c), found 
at Cumberland, Rhode Island, is really a quartz cat's-eye, and some 
very fair cat's-eyes have recently been ~1~t from it by Mr. Edwin Pass-
more, one of them nearly two-thirds of an inch long, and quite equal • 
to many from Hoff, Bavaria. 
Little or no novaculite has ' been used during the last year for orna-
mental purposes, although it has some use as streakstones for miner-
a'' Catalogue of California Minerals," 1866, page 18. 
b Cabinet of G. I!'. Kunz. 
c "Geology of Rhode Island," 1839. 
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alogical work, being better adapted for this purpose .than anything else, 
owing to its hardness and pure white background. 
Red jasper is found on Sugar Loaf mountain, Maine, and a fine yellow 
with chalcedony has been found at Chester, Massachusetts; fine red 
and yellow also by Dr. Horton 4 miles east of Warwick, at Bellvale, 
Orange county, New York; pebbles of fine red occur along the Hud-
son river from Troy to Ntw York, especially at Hoboken, Fort Lee, and 
Troy, where the jaspery rock outcrops. The so-called green jasper of 
Norman's Kill from the Hudson river slates was used by the Indians 
for arrow points. 
Jasper agate is found in considerable quantity at Diamond Hill, Cum-
berland, Rhode Island, in all shades of white, yellow, red, and green; 
these colors are also all intermixed in one specimen, usually mottled, 
and at times beautifully banded in irregular seams of white, creamy 
brown, greenish, and brecciated. It is found in large quantities, and 
although fully 1,000 pounds is taken away every year by visitors and 
collectors, not over $100 worth is sold or polished per annum. 
Large y,ieces of fine yellow jasper have been found at Tyringham, 
Massachusetts, by Mr. Daniel Clark, of thait place. 
111 Pennsylvania(a) jaspers more or less impure are abundant in the 
drift of the Delawar.e and Schuylkill rivers; also in Berks county, near 
Reading. Brownish-yellow is found at West Goshen, Chester county, 
aml a reddish brown variety near Texas, Lancaster county, and a brown 
l>amled variety at tlle hydropathic establishment near Bethlehem. 
The arrow heads found in this vicinity and near Easton are mostly 
made of jasper. The jaspery sandstone so plenty near Mauch Chunk 
might be utilized for large ornamental work with advantage. 
In North Carolina fine jasper, banded red and black, is found in 
GrarJYille, Person county; bright brick-red and yellow at Knapp's, 
Reetl'~ Creek, Madison cou11ty; at Warm Springs; at Shut-in Creek in 
Moore county; ah,o in Wake county, and elsewhere in the State. . 
In Texas fiue jasper bas been found near Fort Davis, Bexar county, 
an<l at Barilla Springs, where are found thejaspery agates called Texas 
agate. 
The moss ja per of Trego county, Kansas, is equal to any yet 
found. 
'ine yellow, brown, and red j asper is found at the Los Pinos agency; 
throughout the Middle an<l South parks ; along the Gunnison, iu the 
Dakota group; on tbe Arkansas, Grand, White, Animas, and other 
. rivers of Colorado, in the drift, and in some of the trachytes, mo tly 
reel, o-reen, and brown. A very fine specimen was found at the junction 
f Lo t Trail ere k and the mo Grande. Small but smoothly worn 
p bbl of ja per and agate are quite plenty on th , bores of Lake 
Tah ', California. Reel and gr en ja ·p r ar very abnndaut in the 
----- -------
a "Preliminary r ,port on the Mineralogy of P 11111-1ylvania," pag 60. 
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neighborhood of .San Francisco, though not of fine quality; some of 
this sto:µe has bt:en used in building and for sidewalks. 
Fine red jasper is found on the Little Colorado river, New Mexico, 
and also on the ·wmamette, Oregon. The latter region evidently fur-
nished the material for the fine arrow points of Oregon. 
The banded jasper found near Colyer, Graham county, Kansas, red, 
yellow, and other colors, with even white bands, affords blocks over 1 
foot long and 6 to 8 inches wide, and really merits the attention of 
workers in ornamental stone, as it is unrivaled in the world for banded 
jasper. 
Bloodstones in beautiful specimens with the red markings very fine 
:tre found at Chatham county, Georgia. Some fine heliotropes from 
here are in the cabinet of W. W. Jefferis. Heliotrope was formerly 
found in veins in slate at Blooming Grove, Orange county, New York. 
Some very fine pieces have been found near the Willamette river, Or-
egon, aud of fine quality near the South park, Colorado, and below the 
Uncompahgre, near Grand river. 
Basanite was found by Dr. Horton(a) at Canterbury and Cornwall, 
New York. It is also sparingly found in nearly all the drift north of 
New York City, and in that of the Delaware river from Easton, Penn-
sy 1 vania, down to the State line. 
Gold quartz.-'rhe gold found in California quartz is worth about 
$16.50 per ounce, but jewelers will give willingly from $20 to $30 for 
each ounce of gold contained in such material as they can use. The 
price of specimens varies according to their beauty from $3 to $40 per 
ounce of quartz. The specific gravity of the mineral is taken, after 
which the gold value is ascertained by a table called Price's table. The 
amount of this material in the rough sold for jewelers' purposes is vari-
ous~y estimated at from $40,000 to $50,000 per annum, $1,000 to $2,000 
worth being often purchased at one time. One lapidary at Oakland, 
who_ employs several assistants, purchased nearly $10,000 worth within 
one year, and a, large jewelry firm in San Francisco, during the same 
time, purchased nearly $15,000 worth of this material. 
Great care must be taken in the selection of the quartz. The stone 
used must be large enough to bear the rough treatment of the diamond 
saw and the lap wheel of the polisher; all of the ore is friable, and 
some of it crumbles to pieces while undergoing these processes. For 
the same reason all the pieces set in cabinet work are small; the saw 
hanging in the gold in the slitting prevents the cutting of large pieces, 
as the wafer-like slabs are apt to be broken by this resistance while 
being separated from the block. Pieces 4 by 2 inches are quite rare, 
although fine pieces 4 inches square are at times see.n. 
Ra,rely more than one-half of the ore purchased finds its way into the 
mounting owing to this breakage and the trimming into shape. Nearly 
all the cutting of this material ·is done at Oakland, California. 
a" Geological Survey of New York," 1840. 
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The white gold quartz of California is mainly supplied from the fol-
lowing counties: Butte, Calaveras, El Dorado, Mariposa, Nevada, 
Placer, Sierra, Tuolumne, and Yuba .. 
The black gold quartz, a quite recent novelty, is found at the Sheep 
Ranch mine, Calaveras county, and at Sutter creek, ~t\.mador county~ 
Ualifornia. 
The so-called rose gold quartz is made by baflking a translucent 
quartz with the desired shade of carmine paste, and forms an effective 
contrast to the opaque white and black gold quartz with which it is 
usually mounted in some design. 
Single stones for scarf pins, rings, and sets of :nin and earrings, sel} 
from $2 to $10 each, and . occasionally exceptionally fine or curious 
pieces bring higher prices. 
It is not many years since gold quartz has been utilized to any great 
extent in jewelry. At first the designs were usually simple and the 
mountings very modest, but the demand has created a supply of the 
most ~1aborate designs, and at present it is used in every conceivable 
form of jewelry, and in articles of personal or house adornment of al-
most unlimited variety, such as canes, paper weights, writing cases, 
perfume bottles, fan sticks, bracelets, watch chains, and lace pins, the 
latter in such designs as shovels, picks, and other mining emblems. 
In certain kinds of furniture it is used as paneling ; and here, as in 
the jewelry, the effect is better brought out by added colors, such as 
are afforded by agate, moss agate, silver rock, smoky quartz, pyrite, chal-
copyrite, cinnabar, malachite, turquois in the matrix, and other bright 
minerals. · 
Much of the jewelry made of this material is sold to tourists from 
the eastern Stat.es and from other countries. Eleven hundred dol-
lars' worth was recently purchased by an Asiatic embassy, and scarcely 
any one vi 'iting Oalifornia fails to purchase a memento. The sale is 
increasing. 
The best taste as a rule is not exercised in the designs . . Many are 
too large a11d ungainly for persona.I adornment, and many others are 
not as well mounted as most of. the other jewelry sold with them. Per-
haps not one article in ten sold will have much if any wear. There is 
much room for imp1·ovement in the line of this work. 
One of the large designs ruade of gold quartz, representing the ca-
. thedral of Notre Dame, at Pari ·, L valued at $20,000. It stands about 
12 inches high, and i perhaps the finest piece of gold quartz work pro-
duced. 
A mas of gold quartz(a) weighing 160 pounds wa hydraulicked out 
of the bank of th• ... "evada Hyc1raulic Company at Gib onville. The 
bowlder wa: ,'moothly washed an<l had the appearance of having been 
ground in a potbol '. Its estimated value was $2,500, but its real worth 
wa mor , ·ince it wa aluabl for lapidaries' purposes. 
a Jewelers' Circula1·, Vol. XIV., page 258, September, 1883. 
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It is stated that some years since a Mr. Thiery devised a method of 
fusing quartz and throwing in lumps of heavily all(?yed gold, and allow-
ing the material to cool in molds of required shapes. It-is said the 
mingling of the metal and the quartz was complete, but the quartz 
had a milky, unnatural glasslike appearance entirely unlike the gold 
quartz it was intended to represent. Messrs. LeDuc, Connor & Laine, 
on applying for a patent for an imitation gold quartz produced by 
means of electricity, found that a similar patent had been issued nearly 
fifty years ago to a New York man. However, notwithstanding they 
were not able to obtain the monopoly, they started as manufacturers of 
jewelers' quartz, but abandoned it, as it proved so unsatisfactory. 
Actinolite.-The emerald-green glassy actinolite of Concord township, 
Pennsylvania, is very fine and might be utilized in some form, possibly 
the compact, as a for'm of cat's-eye. An inlaid ornament of this mineral 
taken from an old piece of furniture in London during the early cat1s-
eye excitement netted the persons who cut it up hundreds of dollars. 
Rutile.-The rutile of Middletown, Connecticut, was cut into gems 
that were almost rQ.by in color, as early as 1836, by Prof. C. U. Shepard. 
The finest small brilliant geniculated crystals · are found at Mill-
holland's Mills, White Plains, . at John Lackey's farm, near Liberty 
Church, and at Wilson's near Poplar Springs, in Alexander county, 
North Carolina. These ha.ve furnished · some of tlle finest cut black 
rutile, which more closely approaches the black diamond in appearance 
than any other known gem. Some of the lighter colored ones furnished 
gems closely res~mbling common garnet: 
Beautiful Jong crystais, at times transparen.t red, have been found, 
ranging in thickness from that of a hair to one-qmi.rter and in some few 
cases nearly two-thirds of an inch across, and from 1 to 6 inches in 
length, at Taylorsville and vicinity, and at Stony Point, North C~rolina. 
These are very brilliant and at times doubly terminated. , 
Beautiful crystals are also found in quartz and loose in• the soil at 
Sadsbury township, Pennsylvania, for 7 miles along the valley, espe-
cially ne~r Pal'ksburg, where double geniculations and geniculations 
forming complete circles are found, weighing over 1 pound. This is the 
"money stone," so called by the inhabitants of the district, as it is often 
looked for because they can obtain money for it from the collectors; 
some of the finer small ones are worn as ornaments. 
Some ef the beautiful geniculatecl nigrine from Magnet cove would 
also well serve the purpose of ornament. These and the Alexander 
county rutiles are possibly the :finest in the world. 
Axinite has been observed with the essonite and idocrase at Phipps-
burg and Wales, Maine, and also at Cold Spring, New York. The best 
American locality is the one near Bethlehem, Pennsylvania, first found 
by Prof. F. Prime, jr., and Dr. Reopper, and described by Prof. B. W. 
Frazier.(a) These crystals, colorless, p~le yellowish, and brown, are 
a .Jmerican Journal of Science, December, 1882. 
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at times one-fourth inch long, and future finds in this vicinity may 
bring some gems to.light; up to this time no stones suitable for fine cut-
ting have been found, though a few might furnish mineralogical gems. 
Jade.-Among the implements collected by the Point_Barrow (Alaska) 
Expedition were a number made of dark green jade. This mineral is 
supposed to be found in a place somewhere to the east of Point Bar-
row. 
Rhodonite.-Rhodonite bas been found in an extensive bed at Blue 
Hill bay, Maine, on Osgood's farm; also in bowlders at Cummington, 
Massachusetts, and in the neighboring towns; at Warwick, Massachu-
setts; in Irasburgh and Coventry, Vermont; near Winchester' and Hins-
dale, New Hampshire; and at Cumberland, Rhode Island. 
The Alice mine, at Butte City, Montana, has produced a large quan-
tity of rhodonite associated with rhodocrosite, and it has here been 
used to some extent as a gem stone. 
It has recently been described by Mr. William North Rice(a) as oc-
curring at the White Rocks, Middletown, Connecticut-only in a limited 
quantity, however. 
The variety fowlerite, found at Franklin, Hamburg, and Sterling, 
New Jersey, is also very fine in color. 
Rhodonite has recently been used very effectively in combination 
with unpolished or stone-finished silver, as. handles for very :tine orna-
ments, the rose color streaked with black presenting a very plea,sing 
contrast. 
Epidote.-Fine crystals of epidote have been found at Haddam, Uon-
necticut, which might yield small gems. The large crystals in quartz 
at Warren, New Hampshire, were all too opaque, though fine as cabi-
net specimens. 
At Roseville, in Byram township, Sussex county, New Jersey, epi-
dote was formerly found in good crystals that would afford mineralog-
ical gems. 
Dr. F. A. Genth(b) mentions a crystal of epidote in the cabinet of 
the University of Pennsylvania, from the gold washings of Rutherford 
county, North Carolina. This crystal is strongly pleochroic, like the 
,'o-called puschkinite from the auriforous sands of Katherinenburg, in 
the Ural mountains, and would cut the best American gem yet found. 
Some fine highly complex forms have been observed at Hampton's, 
Yancey county, North Carolina, by Mr. William Earl Hidden.(c) The 
ancey county crystals would also possibly afford cabinet gems, none 
of them as fine, however, as the Tyrolese epidote. 
In Che ter county, Pennsylvania, crystals 3 inches in length have 
b en found. The principal localities are the Smith and McMullin farms, 
W., t Bradford. township; Ea t Bradford, where dark green pecimens 
a cience, Vol. I., No. 21, page 601. 
• b "Min ral. and Mineral Localities of North Carolina," 1881, page 44. 
c Ibid., page 86. 
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occur, and Taylor's mill, West Goshen. In East Marlboro' township it 
occurs in yellowish-green crystals, and at McCioud's farm and Pearce's 
old mill, Kennett township. In the limestone quarries of London Grove 
and Sadsbury townships it occurs in bottle-green crystals. 
Idocrase.-Idocrase or vesuvianite that would yield small gems has 
been found at Phippsburg, Maine.(a) A beautiful wine-colored variety(b) 
is mentioned as occurring near New Hope, Bucks county, Pennsylvania. 
At the locality 1½ miles from Sanford, Maine, idocrase occurs in un-
limited quantities, one ledge being fully 30 feet wide, made up almost 
entirely of this mineral associated with quartz and occasionally with 
calcite. Some of the crystals are 7 inches long, and the smaller ones 
would afford fair gems at times. · 
Idocrase is mentioned by Endlich as occurring in large crystals ou 
Mount Italia, Colorado, and north of the Arkansas river, in granite. 
Gassiterite.-The finer crystals of cassiterite found at Hebron, Norway, 
and Paris, Maine~ would afford mineralogical gems. . 
The claims in the Temescal range, in San Bernardino county, as well 
as the locality n~ar San Diego, California, will possibly produce speci-
mens of this mineral equal to that from Durango, Mexico. 
The important occurrence at the Broad .Arrow mines, 2 miles from 
Ashland, Olay county, Alabama, may produce both the crystals and 
the stream tin. The Black Hills of Dakota locality is a fine one for the 
gem. On Jordan creek, Owyhee county, Idaho, Prof. W. P. Blake 
mentions very fine specimens of wood tin one-eighth to one-half inch 
across, of very pure and clean material. Cassiterite has also been 
found in large quantities in North Carolina, though scarcely any of 
these localities have produced a single fine gem. 
Ohondrodite.-The finest known crystals of chondrodite, and the finest 
known gems of this mineral, have been found at the Tilly Foster mine, 
Brewster's, New York. The gems are few in number, and one of the 
finest is a cut stone ( c) measuring one-half by one-quarter inch, of a 
transparent garnet color. Another(d), an essonite-colored crystal, is 
one-quarter by one-eighth inch, and an6ther(e), of a red essonite color, 
is one-quarter by one-quarter inch. The two latter, though uncut, 
would furnish fine gems. The finest of these crystals are in the Allen 
cabinet, now at the Johns Hopkins University~ and in the mineralogical 
cabinet of the Peabody museum. The gems are so few as only to serve 
for mineralogical rarities. 
Turquois.-Mr. Bernard Moses recently brought to New Yorll a 
series of finely colored specimens of the American varietieR of turquois, 
obtained. at .Mineral Park, Mohave county, Arizona. They were from 
a Cabinet of Gideon Bearce, West Minot, Maine. . 
b George Rogers: "Geological Report of Pennsylvania," Vol. JI., page 685. 
c Cabinet of F. A. Ganfield. 
d Cabinet of C. Bullman. 
e Cabinet of F. A. Canfield. 
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three veins, varyiug in width from l to 4 inches, about 100 yards apart, 
running almost parallel and traceable for nearly half a mile. They 
show evidences of having been worked by the Indians and Spaniards, 
and a large number of stone hammers were found. 
One of the largest masses of the American turquois is in the posses-
sion of Prof. W. P. Blake; it is 2-k inches long, li inches wide, and 
weighs 75.5 grams. 
No work is carried on at present at the Los Oerillos mines, the recent 
investment to work that locality having proved unsuccessful. Some of 
the specimens sent east showed a fine blue color, which, how:ever, was 
artificial, as proved by dipping for a moment in ammonia. A.long 
the line of the railroad turquois is sold to some extent by the Indians 
of the San Domingo pueblo, New Mexico, the men, women, and chil-
dren coming some distance from the road to sell them. They are ground 
into round or heart-shaped ornaments, which are drilled with a crude 
form of bow-<lrill called by them "malakates." The drilling point is 
made of either quartz or agate, and the wheel to give it velocity was in 
one instance made of the bottom of a cup. The selling price of the 
ornaments is now very low. Rev. R. T. Cross states that one string 
made ur of many hundreds of stones was valued at the pricA of a pony. 
Turquois was used by the ancient Mexicans to iplay obsidian orna-
ments, and also together with pyrite for making mosaic inlays and in-
crustations, thus forming many rich and curious effects. ' 
Hoffmann(a) mentions turquois from the mountains 5 miles north of 
Columbus, Nevada. The specimens are of a pale blue color, although 
some fine ones have been obtained. 
Very little of the American turquois seems to find sale except as 
tourists' souvenirs or mineralogical gems; yet for ornamental or inlay-
ing work it might have quite a sale, were it properly introduced, as the 
green color wonld contrast favorably with many stones or wood. 
Hematite.-See 1882 report. 
llvaite.-Mr. R. D. Rand (b) observed some small black crystals of 
ilvaite in a narrow calcite vein in gneiss at Flat Rock tunnel on the 
Philadelphia and Reading railroad, opposite Manayunk. 
Thi mineral for~s a curious deep black gem and is one of the few 
that can be used to represent the initial ''I" iu jewelry work made up 
of the it1i tial letters of gems. It would also represent the letter " Y," 
al though ilie name yenite has been rejected. 
It iH reported as occurring with hornblende and magnetite, traver ing 
quartz, iu slender brown-black or black crystals at Cumberland, Rhode 
1 1an<J., ancl formerly al.oat Milk Row qua.rry, Somerville, Ma sachu-
. tt.·. .... o material for really fair gems bas as yet been found in the 
nite<l. tate . 
Pyrite.-The mall group of brilliant pyrite occuning with the slate 
a ' ~linc:r~ logy of ·<·va,la." 
b "Preliminary r ·pon, ou tho Mineralogy of Pennsylvania," page 22. 
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found through the ~oa1 regions, are trimmed and cut into ovals, squarei-;, 
and other shapes, and sold for mounting as scarf pins, lace pins, ear rings, 
and ring stones, as well as othp,r ornaments. _ Fine single crystals are 
also sold for ornaments, principally at Mauch Chunk and the summit 
of the Switchback road, and by the local jewelers n,t Ashland, Shenan-
doah, and Mahoney City. The finest specimen1; trnerl here are from the 
Raven _Run mine, 6 miles from Mahoney City. 
Many fine single crystals with a very high polish have been found at 
Black Hawk and other localities in Colorado, which are often sold for 
ornaments, just as they are ·found, at Denver, Colorado Springs, and 
other places in the West. These are compact enough to cut into the 
faceted gem, known in Europe ·as " marcasite," which .has been· almost 
entirely superseded by bright steel jewelry. 
Diopside.-Associated with the garnets from Fort Defiance (Arizona), 
Gallup (:tS"ew Mexico), and other localities in that vicinity, small pieces 
of almost emerald-green diopside are found-evidently a chromium didp-
side similiar to that found with tLe South African diamonds. As a 
rule they are too small to afford gems of any value, but a few pieces 
have been found that are of sufficient size for very small gems. This 
would be a very desirable addition to the list of American gem locali-
ties, if the specimens were found in any size or quantity. 
At the De Kalb (New York) locality, some very large crystals were 
found in 1884, several over 3 inches long and 1 inch thick, with clear 
spots of gem material, promising to afford cut stones weighing ~O to 30 
carats. 
FELDSPAR GROUP. 
The greenish variety of orthoclaie, called lennilite by Dr. Isaac 
Lea(a), found at Lenni Mills, Delaware county, Pennsylvania; the 
pearly variety called delawarite by Dr. Lea~ and the bluish-green sub-
transparent of an aventurine character, the bright particles being hex-
agonal hematite('), called cassinite by Dr. Lea, found at Blue hill, 2 
miles north of Media, are all at times of fine enough color to make a com-
mon gem or ornamental stone. 
La,r_ge bowlders oflabradori_te are often met with in the towns o_fLewis, 
Moriah, l\lcintyre, Newcomb, and Westport, also in Green, Lewis, 
Orange, Schoharie, Saint Lawrence, and Warren counties, New York. 
Within a few miles of Amity, in Orapge county, Mr. Silas O. ·Young 
broke up a mass of fine material for specimens, weighing over two tons, 
that showed the chatoyant play of colors very well. 
In Pennsylvania it occurs at Mineral hill, Chester county, and oppo-
site New Hope, Bucks county; and also in the Wichita mountains, Ar-
kansas. · 
Mention is made by Genth and Kerr(b) of a curious white variety as 
occurring at the Cullakenee mine, Olay county ; also, large crystals in 
a "Proceedings Philadelphia Academy of Sciences," May, 1866. 
b "Minerals and Mineral Localities of North Carolina," page 48. 
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the trap at Shiloh Church. On the road to Charlott.€, Mecklenburg 
county, and near Bakerville, on Toe river, specimens showing a slight 
blue chatoyancy are also found. 
Rockport, Massachusetts, formerly afforded many finely colored pieces 
of- amazonstone. Some fine green crystals have also been fou,nd . at 
Paris, Maine, and at Mount Desert material that will cut into fair gemt-
is occasionally met with. 
One large, fine light green crystal, over 6 inc11.es long, was found near 
Amelia Court House, at the microlite locality. 
On the John Smith farm, Middletown, Delaware county, Pennsyl-
vania, many shades of green feldspar, passing into the cassinite and 
delawarite, are found in the soil in loo8e bowlders up to 20 inches in 
~fficl~ I 
Elmolite.-The elreolite of Gardiner and Litchfield, Maine, woul4 ad-
mit of a very good polish, and at times the color is greenish and would 
look quite well. Some of the Salem, Massachusetts, variety would 
also do for this purpose. 
Leopardite.-A compact variety of orthoclase, which is spotted with 
hydrated sesquioxide of manganese, called leopardite(a), is abundantly 
found near Charlotte, Mecklenburg county, and . also _in Gaston 
county, North Carolina. It is a variety of porphyry with crystals of 
disseminated quartz. This material is found in large masses and would 
furnish a good ornamental stone if polished. It would also furnish m~-
terial for a cheap gem stone. 
Moonstone.-At Van Arsdale's quarry(b) near Feisterville, Bucks 
county, Pennsylvania, orthoclase is found in crystals from one-half to 2 
inches in length, usually, however, in cleavage masses of gray or gray-
ish -black colors, which show the blue chatoyancy, as well as ma~y va-
rieties of labrador spa~, and make a very fine variety of moonstone. 
The albite occurring in such beautiful specimens at Mineral hill, 
near Media, in Middletown, Delaware county, Pennsylvania, shows the 
blue chatoyancy remarkably well, and is there called "moonstone." It 
might well be, and is doubtlessly rightfully classed under this head, 
since the appearance differs so slightly from an orthoclase moonstone, 
and it is the effect that really gives it its name. 
The greenish-gray granular albite or oligoclase found in the serpen-
tine at the magnesia quarries, West Nottingham township, Cbe ter 
county, Pennsylvania, shows a faint blue moonstone luster. 
The beautiful feldspar found by Mr. W. W. Jefferi , with the un-
tone at Pearce' paper mm, shows the blue chatoyaucy equal to any 
labrador spar. It may be the latter or oligoc1a e(~) . Thefinestexam-
p]es of thi mineral from an .American locality, v ry clo ·ely resemblinu 
the ylon in quality, tran parency, and color, have been lately fo:in 
a' Minerals and Mineral Localities of North Carolina," Gem th and Kerr, page 51. 
b "Pr ·lim~a.ry report on the Mineralogy of Pennsylvania," page 9. 
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at Amelia Court House, Virginia, by Mr. G;eorge W. Fiss, of Philadel-
p~ia,, who had two very fine gems over one-fourth of an inch across. 
Peristerite has been foll:nd in some a,l;mp9ance in t};le town of McQom b, 
Saint Lawrence county, New Yor~, associ3:ted with com,mon orthoclase; 
it occurs by the ton, and many of the spe~imens show the beautiful light 
blue chatoya,nt effect. Mr. C. D. N,imms has also observed tbis mineral 
as far north as Bythurst,. Canarla, D miles rn;n::th of1 Pertil; also in the 
towns of Pierrepont, Russell, and in at least a dozen other places in 
this section of New York State. Some specimens make a very fine gem 
stone, differing somewhat 'from labradorite and moons~one. Mr. Charles 
A. Dana, of New York, has had an.umber of these :flesh-colored pebbles 
of orthoclase found on Long Island sound, near his home, at Glen Co,e, 
New York, cut en cabochon, maki~g thus a very efl~ctive salmon-colored 
stone. 
Perthite, found so plenty in Canada, at Perth, Ontario, is likely to be 
found in the United States as bowlders, and possibly in place. This 
forms a very curious and rich-colored gem stone, with its bright aven-
. turine reflections. 
A very fine oligoclase occurs at Dixon's quarry, Newcastle county, 
and a fine striated, variety at West Chester, Delaware county, Penn-
sylvania. 
Sunstone,-:-Very good sun~ton.e ( oligoplase i), with very fine reflec-
tions, has been found near Fairville, Pennsbury township, Pennsylvani<1-,, 
Sunstone ( oligoclase ~) occurs at Mendenball's lime quarries, Penns-
bury, Chester county; also in Ashton township, some of which is a 
grayish-white color with coppery reflections; and also a curious variety 
of sunstone in moonstone (albit~) is found, showing double reflections. 
~ very fine g.reen .and red s-;_instone is found near· Media. On, John 
Scofield's farm, in Middletown township, Delaware county, moonstone 
and sunstone in small nodular lumps are scattered through the soil. 
About 1 ton h,as been taken out s~nce the locality was discovered. On 
~Tohn Hibberd's fa.rm, in the same township, moonstone in bowlders is 
found. A very fine sunstone, the orthoclase. of which is a very rich 
salmon color and quite tral)sparent and streaked with white, showing 
the avei;iturin.e effect beautifully, is found at Glen ~iddle, Delaiware 
county. . 
Another beautiful variety is found in the hornblende at Kennett 
township, Chester county; this, Dr. Genth thinks, is most probably au 
oligoclase. The greenish orthoclase, sometimes in bright green. pieces, 
also pale green, and at times much spotted with brownish tints, all 
showing a very good sunstone effect, is found at Mineral hill, Middle-
town, and in Upper Providence, Delaware county. The orthoclase of 
Frankford, Pennsylvania, with the gothite disseminated through it, 
approaches the sunstone in appearance very closely. 
On tbe Horace Greeley farm, at Chappaqua( a),. New York, small pieces 
a "Proceedings New York Academy of Sciences," Vol. I. 
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of an orthoclase sunstone were found, almost as fine as any or the 
Norwegian. 
0bsidian.-Srnoky, transparent obsidian that would cut well, and 
form a curious variety somewhat resembling the "Moravian bottle 
glass" (moldavite), but not so green, has been found in rounded pebbles, 
over 1 inch across, near Santa Fe, Mew Mexico. 
A porphyritic and spherolitic obsidian is found under the trachyte 
on Gunnison river, and a heavy vein of porphyritic obsidian near the Rio 
Grande pyramid, continuing from there southward through the trachytic 
bed. Nodule.s occur in the lower members of the trachytic veins. 
A dike of obsidian, light gray and clear with concentric structure, sets 
from the Colorado Central lode near Georgetown, north of Saguache 
creek. Hoffmann mentions obsidian in fine pieces and very abundant as 
occurring 10 miles southeast of Silver Peak, Nevada. Across the State 
line, 5 miles in Owen valley, California, it is found in red fragments, and 
also banded with alternate layers of black and brown. Obsidian oc-
curs in large, fine black pieces, and mottled black and brown, and in 
small layers, in a moss rock at Obsidian cliffs, Yellowstone park. 
0ctahedrite.-Octahedrite is reported as ocm;irring in small crystals 
at Dexter's lime rock at Smithfield, Rhode Island, and in flat tabular 
glassy crystals of a, pale green color and very brilliant in the gold sands 
of the Brindletown mine(a), Burke county, North Carolina. '11hese 
would possibly afford small gems, nothing, however, to compare with 
the beautiful blue crystals from Brazil, so splendent at times as to be 
mistaken for diamonds. 
Brookite, arkansite, microlite.-At the Ellenville, Ulster county, New 
York, lead mines some remarkable flat, ruby-red crystals of brookite 
have been found, and at Magnet cove, Arkansas, remarkably brilliant 
crystals Of the Yariety of this mineral known as arkansite OCCUr in great 
profusion, at times a transparent honey yellow. The mineral does not, 
however, readily admit of polish. One fine crystal of microlite in the 
cabinet of Mr. C. S. Bement, is about three-eighths of an inch long, and 
in part a rich honey-yellow color, having all the color of topazolite, with 
a higher luster . . This might possibly be added to the list of American 
gem minerals. This crystal was found at Amelia Court House, Vir-
ginia. Some few of the microlites found at the Amelia Court Hou e 
locality are of sufficient transparency to afford gems, the color ranging 
from an essonit,e red to that of a rich spine! yellow and remarkably 
brilliant. 
Microlite has the highest specific gravity of any known gem, being 
about 6. 
llm,enite.-At Magnet cove, Arkansas, the ilmenite is found in such 
frne bright cry tal as to form natural ornaments, and will, besides, ad-
mit of a fine brilliant poli h. 
a" fin rals and Mineral Localities of North Carolina," 1881 page 84. 
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Allanite.-The allanite found in large masses and cryRtals in Amherst 
county, Virginia, is very compact and bright black in color, and woukl 
form a black metallic gem stone. 
Sodalite, cancrinite.-At Litchfield and South Litchfield, Maine, sod£1-
lite, eheolite, and cancrinite are found in bowlders in size from that of 
the fist to those weighing many tons. They lie scattered over the sur-
face for a distance of about 4 miles. One mile and a half west of this 
line, across a pond in West Gardiner, these minerals are found asso-
ciated with zircon, as in South Litchfield. On some of the West Gar-
diner farms there are ledges of rocks that are evidently the source of 
these bowlders. The bowlders occur principalll on the farms of Moses 
T;ue, Capt,. Joseph Wharff, and Rufus Smith. 
The deep-blue and azure-blue sodalite and cancrinite, a rich yellow, 
and occasionally in hexagonal crystals, occur sparingly in seams in this 
tough elrnolite and lepidomelane rock. The seams are from 1 millimeter 
to very nearly 1 inch in thickness; some of the white seams found are 
evidently altered sodalite; the cancrinite has been found 2 inches thick. 
Violet and azure-blue sodalite have been found associated ·with elreo-
lite, biotite, and zircon in a syenite vein at Salem, Massachusetts. 
Enough bas been found within the last two years at South Litchfield to 
give it some gem importance. .A. number of distinct hexagonal crystals 
of fine waxy yellow cancrinite, as a rule embedded in the deep-blue so-
dalite, have also been found ; also pink and greenish masses, and masses 
of rich yellow, 2 inches in thickness, which could be used the same as 
sodalite. 
Scapolite.-The pink and purplish scapolite found at Boston, Massa-
chusetts, will polish nicely and form a neat ornamental gem stone. 
Lazulite.-Lazulite in dark-blue crystals and crystalline masses is 
found at Crowder's and Chubb's mountains in Gaston county, North 
Carolina, and at Coffee Gap, Sauratown mountains, Stokes county . 
.At Graves mountain, Lincoln county, are found the finest sky and dark-
blue crystals known. This mineral would make an opaque gem or orna-
mental stone, as th~ color, although lighter, is often as rich as lapis-
lazuli. 
Gobaltite is occasionally cut abroad and resembles a fl.esh-colore<l 
pyrite wben cut. It is not found of fair quality at any American lo 
cality. 
Zincite, frankl·inite, and willemite(a), as found intermixed in the zinc 
mines at Franklin, New Jersey, are at times ground into charms and 
paperweights and ornaments of di:fferent kinds, principally by the 
miners. They do not admit of a very fine polish, however, though they' 
present a good appearance. A curious brown serpentine containing 
zinc, described by Prof. C. U. Shepard, was also cut and polished by 
the miners here. 
Enstatite a,nd bronzite.-Enstatite and bronzite are found half a mile 
a See also "Mineral Resources of the United States, 1882," page 496. 
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west of Texas, Pennsylvania, and in beautiful massive foliated varieties. 
Bronzite was observed by D;. Genth (a) near Crump's serpentine 
quarry, near Media, in Middle.town township, and also near Henry 
Hipple's, in Marple township, forming the mass of Castle rock; also in 
Newton township near the lime kiln, and near Radnor's, Delaware 
county. Bronzite and enstatite occur in large quantities at Bare Hills, 
Maryland. 
Titanite.-At Brid·gewater station, Delaware county, Pennsylvania, 
some remarkably fine crystals of titanite have been found. Some of 
them, over 1. inch long and very transparent in p~rts, are a rich 
greenish yellow and a vitreous golden, equaling in color the finest 
from the Tyrol, and some would afford gems weighing from 10 to 20 
carats each, that would show a play of colors rather adamantine than 
opalescent. Som'e of the fine crystals from this locality arc now fo the 
cabinet of Mr. 'C. S. Bement, the W. S. Vaux cabinet, Academy of Nat-
ural Science::,, Philadelphia, and in the Peabody museum, New Haven. 
Mahy yellow crystals(b) over 1 inch long have·been found in the horn-
blenaic gneiss on the SclrnylkHl uear Philadelphia, and yellow crystals 
with sunstone at W. Cl011d's farm and Pearce's paper mill, in Kennett 
township, Chester county, Pennsylvania. 
Ohforastrolite.-One of the largest known perfect chlorastrolites is in 
the cabinet of Mr. M. T. Lynde, of Brooklyn, Long Island, a gem meas-
uring 1½ by 1¼ inches. A fine pair of cblorastrolites over half an inch 
across are in the possession of Mr. F. A. Canfield. 
Datolite.-The compact, opaque, white, creamy, and flesh-colored 
varieties of datolite found at the Minnesota, Quincy, Marquette, Ash-
bed, and other mines in the copper region of Lake Superior, admit of a 
very high polish, anu make an excellent opaque geffi' or ornamental 
stone. Notably one especially fine nodule over 4 inches across, with a 
flesh -colored center shading off into gray and creamy tints, was found 
at the Delaware mine, a-qd is in the cabinet of Mr. C. S. Bement. 
Thompsonite.-Large quantities of thompsonite have been cut into gem 
toues during the last year, the. cutting consisting almost entirely of a 
rounding off of the pebble so as to show the concentric and other mark-
ings to the best perfection. Some of them, over an inch in diameter, 
have been polished. .As a rule the small ones are the finest material. 
The lintouite is really a variety of the thompsonite and polishes very 
uicely, either alone or when occurring with the :flesh-colored forms of 
t homp onite. 
Natrolitc.-Many ,ein of natrolite, and more particularly one large 
urface, r pre ·enting over 300 square feet of the mineral, were met with 
at haft o . .:., of the West Shore railroad, at Weehawken, New Jersey. 
ltbough thi. quantity afforded million of cry tal , scarcely any were 
·t ut enough to afford gems of this beautiful lirppid and white mineral, 
a" Prelimin, ry r port on th Min ralogy of Pennsylvania," page 63. 
b Ibid., page 27. 
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so abundantly found here and all along Bergen hill where any tunnel-
ing has been carried 011. ~ ' ~ 
Fine crystals are found in the Lake Superior copper region. None 
has been sold for gems in the United S.tates, though it is occasionally 
used as an initial gem for the letter -" N" in initia::, jewelry. 
Pectolite.-Among the Eskimo implements collected by the United 
States Signal Service at Point Barrow, .Alaska, and examined by Prof. 
F. W. Clarke(o), was a supposed jade,which he found on analysis to 
be a new and interesting variety of compact light-green pectolite; spe-
cific gravity, 2.873. This was obtained from some point east of Point 
Barrow, on the Kowak river, and forms an interesting and unexpected 
addition to this line of gem stones. · 
Apoph.yllite (also· called fish-eye stone) is really too soft for gem pur-
poses,. though repeated references are made to it by gem writers. 
The Erie tunnel, Bergen hill, afforded thousands of fine doubly-termi-
• nated detached crystals, less than one-fourth incl.t in diameter, that were • 
really beautiful as ornaments; this same tunnel afforded a single crystal 4 
inches in diameter. Some beautiful ones have also been found at the 
·Cliff mine and other localities in the Lake Superior copper region, at 
times being perfect specimens of limpidity. The West Shore railroad 
tunnel at Weehawken, New Jersey, was the :first locality in the United 
States to produce pink and flesh-colored ·crystals. Many beautiful ones 
were found here, though not as :fine as the Andreasberg or the Mexican 
varieties. This and the Lake Superior locality would both afford ma-
terial for cutting. 
Apatite.-Apatite was found in such remarkably perfect and fine-
colored crystals at the tourmaline locality at Auburn, Maine, by Mr. N. 
H. Perry, that the hill on which the tourmalines were feund has been 
named Mount Apatite. These crystals were transparent green, pink, 
and violet, and so much resembled tourmaline as at times to have been 
mistaken for it. Some of the local collectors attempted cutting some 
of them, but the hardness is too low for a transparent gem . 
. Orocidol-ite.-Crocidolite was observed by Col. Joseph Wilcox(b) in 
long, delicate :fibers of a blue color, in one of the western counties of 
North Carolina. 
Mr. Theo. D. Rand found a dark-bluish, fibrous mineral at the Falls 
of the Schuylkill, and Prof. W. T. Roepper (c) found at Coopersburg, 
associated with white and brownish-white garnet, bluish-white crys-
talline fibrous coatings, which may belong here. 
Crocidolite was also observed near Cumberland, Rhode Island, ·and 
at Eland Fountain, Orange river, New Jersey, though none ofgem·value 
has yet been found in the United States. 
Serpentine.-The man·y :fine varieties of serpentine found in the United 
a American Journal of Science, III., Vol. XXXVIII., pagB 63. 
b" Minerals and Mineral Localities of North Carolina,'' 1881, page 41. 
c '' Preliminary report oo the Mineralogy of Pennsylvania," page 10. 
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States would admit of use in some cases as ornaments. The dark-green 
noble serpentine of Newburyport, Massachusetts, was cut into oak and 
other leaf-like forms, very effectively indeed, by Mr. F. Osgood, of that 
place. The handsome yellow s~rpentine of Montville is also of the pre-
cious variety. 
The beautiful varieties of serpentine or verd antique from Harford 
county, Maryland, admit of a fine polish. 
The serpentines of Saint Lawrence county, as also those of Cornwall, 
Monroe, and Warwick townships, Orange county, the ophiolite of New 
York city and vicinity, the serpentine of New Rochelle, New York, also 
some of the Hoboken, New Jersey, and the Staten Island varieties are 
useful for ornamental and occasionally for gem purposes. 
At Stoneham, Maine, green and red damourite(a), altered from topaz, 
was cut into different odd forms and charms by local collectors. At 
Deer Isle, also, serpentine of a very light-green color occurs. 
The serpentine of Texas, Mineral Hill, Newtown, Marple, Middle-
town, and other localities in Delaware county, Pennsylvania, are also 
very fine. 
The serpentine from the neighborhood of Patterson(b), Caldwell 
county, North Carolina, is of a dark greenish-black color, and admits of 
a fine polish. 
The serpentinous substance named pelhamine by ·Prof. C. U. Shep-
ard( c) admits of a very good polish and with a very curious effect. 
Dr. F. A. Genth mentions as being found at Easton, Pennsylvania, 
a bowenite frequently containing a small quantity of tremolite; it is of 
a greenish and reddish-white color and of great tenacity. This is evi-
dently the so-called jade mentioned in the report for 1882. The easy 
working of this material, and the effective designs that can be made 
from it, recommend it as having fully as much merit for tourists' jewelry 
as the various teeth, beans, and other like things that are sold for this 
purpose. 
Fluorite.-The clear varieties of colored transparent fluorite are des-
ignated. as false ruby, emerald, sapphire, topaz, amethyst, etc. Many 
fine specimens of the green have been found at Muscalonge lake, Saint 
Lawrence county, New York, at times crystals over 1 foot across. 
The Hardin county, Illinois, localities are the largest deposits in the 
United States, and some thousands of tons are annually mined here; 
crystals of the richest purple, yellow, red, rose-colored, green, and other 
variet,ie are very common. It differs from the English in that the 
cry talline faces in nearly all cases are dull and the colors show only 
by transmitted light. Some crystals 1 foot across were observed here. 
On the Cumberland river, Tennessee, some of the finest American 
crystal of a blue-gre n variety ba ve been found; wine and honey-
a American Journal of Science, May, 1885. 
b G nth and Kerr's" Minerals of North Carolina," -page 57. 
o "Contribution to Mineralogy," 1876, 
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yellow ones also at Saint Louis, 'Missouri, in the geodes in the lime-
stone. Fine crystals are found at Pike's peak, Colorado. 
One of the most remarkable varieties of this mineral is a chlorophane 
from the microlite localities(a) at .Amelia Court House, Virginia. This 
fluoresces by the heat of the hand, and when a cut stone was placed in 
a vial of warm water, showed distinctly in a dark room, thus making a 
new form of gem, i.e., a fluorescent gem stone, though not bard enough 
for any kind of wear. 
Fossil coral.-The Iowa fossil corals have during the last year been 
sold more largely than heretofore for jewelry, paper weights, and -speci-
mens. One Philadelphia lapidary states that he sold over $250 worth 
in one year. It is sold to some extent at Iowa City and other places in 
Iowa, as well as at the regular tourists' stopping places all over the 
United States. 
Lepidolite.-Lepidolite has been found in large quantities in the past 
at Mount Mica, Paris, Maine, which has afforded masses of 50 pounds 
of Yery fine color; at Hebron and Norway, and more recently at .Auburn, 
also at Mount Black, Rumford, Maine. .A.s this mineral is used to some 
extent abroad for ornaments, such as dishes, vases, paper weights, etc., 
the similar utilization of the .American material is suggested. 
Aragonite and satin spar.-The aragonit,e "satin spar," from near 
Dub~que, Iowa, especially in such fine form as at Rice's cave, and in 
such remarkably fine forms _as the "floss ferri" variety, from near 
Rapid City, Dakota, would admit of the same uses as common satin 
spar. 
The satin spar (gypsum) ornaments, such as beads, eggs, and a variety 
of others, sold at Niagara Falls and many of the tourist places, are 
almost without exception imported from Wales, though some few com-
mon white gypsum ornaments are at times cut frem gypsum found near 
Niagara. Ou Goat island large masses are oft.en found, and occasion-
ally even under the falls, where ~II the material for all the ornaments 
sold here is supposed to have been found. Fine selenite occurs here, 
but no satin spar. 
Malachite.-One very fine, compact, fibroui-: mas·s of dark green 
malachite, that would cut a beautiful cube 1 inch square. from the Mc-
Oulloch mine, Virginia, is in the cabinet of Mr. C. S. Bement. 
Hoffmann mentions it in massive concretions in Copper canon, Galena 
district, and at Mineral Hill, Nevada. Some of the copper mines of 
Arizona anct New Mexico will undoubtedly furnish fine specimens when 
tl.tey are more developed. 
Mr. F. E. Monteverde has some gem specimens of malachite of very 
good quality, over 1 inch across, from the Copper Queen mine, Bisbee, 
.Arizona. Malachite has been found recently at the Globe and .Arizona 
mines in fibrous and mammillary masses, and in seams from 3 to 4 inches 
in thickness and of very fine color, in many respects equaling the finest 
a American Journal of Science, July, 1884. 
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from Russia. A number of fancy articles have been made from it. At 
Ducktown Tennessee some fine radiated masses have been found that 
. ' ' would polish well. 
At the Jones mine, Berks county, Pennsylvania, very dark green and 
finely mottled malachite was found that would cut into fine 'gems over 
2 inches across. Some very fine specimens from here are in the cabinet 
of Mr. W.W. Jefferis. The material from this locality equals any from 
Russia, but the supply is very limited. 
Malachite is found in North Carolina in Guilford, Cabarrus, and 
Mecklenburg counties. At Silver Hill and Conrad Hill~ in Davidson 
county, the fibrous variety has been observed, and at a number of other 
localities in the State, but rarely of any gem value. In the United 
States subtreasury, in New York City; are a few fine gem piece8 of 
malachite from the Copper Knob mine in Ashe county, North Carolina. 
'Ohrysocolla.-A beautiful compact chrysocolla, mixed with quartz, is 
found at the Allouez mine, Houghton, Lake Superior region. Some of 
the specimens would furnish fine, rich, bluish-green gems ·one-half inch 
square. 
Beautiful specimens, botryoidal and massive; greenish blue in color, 
have been found at the Jones mine, near Morgantown, Berks county, 
Pennsylvania; and a fine specimen from some Arizona locality, coated 
with chalcedony, made some beautiful gems when the chalcedony was 
polished, allowing the botryoidal chryso_colla to show through. In one 
case these markings resemble a human head . 
.Anthracite is used to some extent as jewelry, being carved and turned 
into small trinkets, such as compass cases, boots, hearts, anchors, and 
other small charms. It could readily be made into beads. and round 
ornaments to be used for scarf pins, lace pins, bracelets, etc., in the 
same way as jet. It is also turned into cups, saucers, vases, candle-
sticks, and paper weights, and is carved by hand into a variety of small 
ornaments. The objects made often have one or more ridges of the 
rough coal, the other portions being highly polished, thus making a 
striking contrast. Most of the anthracite is worked at Mountain Top, 
near Glen Summit, Lucerne county, Pennsylvania. The material used 
is obtained at the Franklin mine at Ashley, the Spring Tunnel mine at 
Summit Hill, and at Nanticoke, Pennsylvania. These articles are sold 
at Scrauton, Wilkes Barre, Pittston, Mauch Chunk, and at the Sum-
mit Hill ·tation on the Switchback railroad. From $2,500 to $3,000 
worth of the e anthracite objects are sold annually. 
Oatlinite or pipestone.-Catlinite, which is found in such large quan-
titie in the Upp r Mi.' ouri region, and especially in Pipestone county, 
Iinne ota, i worked into a large variety of ornamental pipes, that are 
ld at from 75 c nt. or 1 each to a much as 5 and $10; at time a 
high Y n a 20 for \ ery large piece of carving-. They are made in a 
vari v of form , mainly to ell readily, 'UCh a tomahawk with the 
wl in he back, and often pipe from 10 to 24 inche long have 
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one or more .figures on the stem, which is sometimes .made of several 
pieces, usually, however, ·of wood. Parts of the pipes are often laid 
out in designs that are .filJed ~n with lead. 
This stone is also worked into a vari~ty of ornaments and into small 
charms of different kinds. These are ·offered and :find a ready sale to 
persons visiting Minnehaha Falls, Lake Minnetonka, various hotels in 
Saint Paul and Minneapolis, and ot-her cities in Minnesota and Dakota 
as far west as Fort Sully. The amount sold 3J'nnually is perhaps 
$10,000 to $15,000 worth. This stone should surely find more uses 
from i'ts ~ompactness, easy working, and the fine p()lish it admits of. 
One curious spotted variety is.. v~ry heautiful, and would make a good 
contrast with the regular ·red pipestone. 
Catlinite is also found at Rice lake, Barron county, Wisconsin. 
Amber.-Before tbe New York Acad'emy of Sciences, February 5, 
1883, I exhibited and de8cribed an elongated, twisted mass of amber(a) 
of a rich yellow color, but opaque, weighing 12 ounces, that had been 
found on the shore at Nantncket, Massachusetts, evidently from the 
Tertiary deposits there. This mass more closely resembled the true 
amber than any other .American specimen yet seen. 
The Rev. Phrebe Hanaford, at the same meeting, mentioned having 
found a small piece weighing · about 1 ounce at the same locality. 
Am'ber has also been found at Martha's Vineyard and at Gay Head. 
In a paper read before the New York Academy of Sciences, on 
the same date, I described. a mass of amber 20 inches long, 6 inches 
wide, and 1 inch thick, and weighing 64 ounces, found at Kirby's 
marl pit, on Old Man's creek, near H_arrisonville, Gloucester county, 
New ,Jersey. A one-fourth-inch section showed a light grayish-yellow 
coldr.· A section one-fourth inch thick.showed a light, very transparent 
yellowish-brown color. The entire mass was filled with botryoidal-
shaped cavities filled with glauconite or greensand and a trace of vivi-
anite. The hardness is the same as the Baltic amber, dnly slightly 
tougher and cutting more like horn, and the cut surface showing a 
curious pearly luster, differing in this respect from any other amber yet · 
examined by me. This luster is not produced by the impurities, for 
the clearest parts show it the best. It admitted of a good polish. 
The specific gravity of a very pure piece of the carefully selected amber 
is 1.061, which is the lowest density on record, the usual amber range 
being from 1.065 to 1.081. It ignites in the same way as other ambers. 
It was found at a depth of 28 feet and under 20 feet of the Cretaceous 
marl, the amber being found in a 6-foot stratum of fossils. 
Dr. N. L. Britton has observed traces of amber near Camden, New 
Jersey, in t~e Cretaceous deposits. 
Dr. Charles U. Abbott(b) mentions having several times found small 
grains or pebbles of amber in the bed of Orosswick's creek. These he 
a Now in the Amherst College cabinet. 
b Science, Vol. I., page 594. 
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gave to Mr. W. S. Vaux, of Philadelphia, and -they are now at the 
Academy of Natural Sciences. He suggests that they are derived from 
the beds of clay which are exposed in the bluff forming the southern 
bank of the creek. There are Cretaceous clays nearer Trenton than 
Crosswick's creek, in which occurs much fossil wood; in and on this 
grains of amber are not uncommon; they are usually very small and 
difficult to detect. The wood is soft and very recent in appearance, 
burning with an uncertain, flickering flame. The amber is evidently 
derived from the sap of the wood. 
The late Professor Kerr(a) mentioned the finding of succinite in lumps 
of several ounces weight in Pitt connty and elsewhere, in the Tertiary 
marl beds of the eastern counties of North Carolina. 
Dr. Troost (b) mentions that at Cape Sable, on the northern side of 
Magothy river and western shore of Maryland amber of several varie-
ties occurs. One is entirely op·aque in concentric zones of every shade 
of red, yellow, and brown, thus displaying the most beautiful colors; 
another is a transparent yellow, and another is an ~arthy porous variety. 
It, is found here in the lignite beds in some quantity. It also occurs on 
the Chesapeake and Delaware canal in Kent county, Delaware. 
Mr. 0. G. Yale, of San Francisco, California, says that amber is com-
mon in the lignite deposits on the peninsula of Alaska. It is also ob-
tained in the alluvium in the delta of the Yukon river and in the vicinity 
of most of the Tertiary coal deposits on the Fox islands. being every-
where an article of ornament with the natives, who carve it into rude 
beads. · 
At no American locality is amber found of commercial value, and al-
thougli the specimens above referred to are all called amber, they are 
undoubtedly, with the exception of the Nantasket amber, all from dif-
ferent trees from those producing the Baltic amber, and analyses of 
them would prove of considerable interest. 
,TPt.-Jet occurs in the Wet Mountain valley, Trinchera mesa, south-
east Colorado, and in the coal seams of most coal-bearing rocks of Colo-
rado. The beautiful specimens of El Paso county, although sold largely 
for specimen , are very little if at all used for ornamental purposes, from 
the fact mainly -that although this perhaps rivals any known jet, black 
onyx ha. almost entirely super eded this material in the United States, 
owing to the greater hardne s of the onyx and the cheapness with which 
it i fumi bed from Oberstein and Idar. 
nieerschaum.-S~pio1ite, or meer.:chaum, has occasionally been met 
with in cornpavt ma se of smooth earthy texture in the magnesia quar-
ri , in t J.: ottingllam town ·hip, Chester county, Penn ylvania. 
Onl · a few ·mall piec have been found, but they were of good qual-
it ·. I al o occur in grayi h and yellowi b -white ma se in the er-
1> ntine n ar St p' ta~ern, in Concord town hip, Delaware county. 
a ' 1in ral and din ral Localiti1~ of ort4 C, rolina," page 83. 
b illiman B Journal, page 182, 183~., 
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Masses weighing 1 pound, of a pure white material, have been found 
on the John Smith farm, Middletown, in the same county. 
It bas been observed at the Cheever iron mine, Richmond, Massa-
chusetts, of equally good quality, in pieces over 1 inch across. 
It has also been fou,nd in the serpentine at New Rochelle, W estches-
ter county, New York. 
PRODlJ0TION OF PRE0IOlJS STONES IN THE lJNITED STATES. 
While it is impossible to obtain exactreturns of the values of the 
precious stones found in the United States, it is believed that the esti-
mates given in the following table represent, roughly, the total values 
and the proportionate values of the several mineralogical species. Gold 
quartz, t,he va,lue of which should be more properly perhaps included 
under the bead of gold mining, is added at the close of the list. 
EBtimated p1·od·uction of preciou8 stones in the United States in 1883 and 1884. 
1883. 1884. 
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Diamond . . . . . . . . . . . . . • • • • • • . . • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $800 $800 
Sapphire gems ........•............... ·.. $200 · $3,000 $2, 200 $250 1, 500 1,750 
Chrysoberyl..... . ...... ... . .. .......... 100 1.00 25 . . • . . . . . . . 25 
Topaz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 000 1, 000 200 300 500 
Beryl.. ......................... -. . . . . . . • 200 300 500 300 400 700 
Emeralds . ....... _. . . . . . . . . . . . . . . . . . • . . . 500 500 ....••••..... . ................ 
Hi<ldenito . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 500 600 .......••.... . .. . ... 
Tourmaline.. ..... . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 500 500 2, 000 
Smoky quartz . . . . . . . . . . . . . . . . . . . . . . . . . 2, 500 7, 500 10, 000 2, 000 10, 000 12, 000 
Quartz .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 10 000 1, 500 11, 500 10, 000 1, 500 ll, 500 
Silicified wood . .. . ...................... 5; 000 . . . . . . . . . . 5,000 10,000 500 10,500 
Garnets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 000 5, 000 6, 000 1, 000 3, 000 4, 000 
t~~l~~~~i~~-::::::::::::::::::::::::::::: ... · i'.- 500. 2' ~gg ~: ggg 2, 000 i: g~i :: g~~ 
Amazonstone . . . . . . . . . . . . . . . ... . . . . . . . . 3,500 250 3,750 2,500 250 2,750 
Catlinite. . . ..... . .................. .. . • . 10,000 10, 000 10, 000 10, 000 
Arrow points . .. . . . . . ... . . . .. . .. . . . . . . l, 000 1,000 1,000 1,000 
'I.'riliohites ......... . ........ .. ... : . . . . . . 500 500 500 500 
Sagenitic rutile . . . . . . . . . . . . . . . . . . . . . . . . . 500 500 1, 000 500 500 1, 000 
Hornblende in quartz..... . ... .. ..... . .. 500 100 600 500 100 600 
P eridot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 :250 300 50 100 150 
Tborupsonite . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 500 75V 250 500 750 
Diopsi<le.............. .. . .. . . . . . . . . . . . . . 200 100 300 . . . . . ........... . .......... . 
A 1rnte.... .. .. ....... . . . .......... .. . . . . 1,000 500 1, 500 4,000 500 4, 500 
qt1lora.c;~rolite . . .. .. .... .. .•. . . . . . . . . . . . 500 1,000 1, 500 500 l, 000 -l, 500 
'I urquom . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . 1, 500 500 2, 000 1,500 500 2,000 
Mo s agate... . .............. . .......... 1, 000 20,000 21,000 1,000 2,000 3,000 
t~!iitt::::::::::::::::::::::::::::: ~:g~g i~g ~:!~g ~:~gg ~gg ~:!~g 
]fossil coral............................ . 500 250 750 ;gg ~~g 750 
1---------------------
Total. ....... - . . ...... ..•... ... . . . 47,350 44,700 92,050 M, 325 28,650 82,975 
Gold quartz --. . . . . . . . . . . . • . • • • • • . . . . . . . 40, 000 75, 000 115, 000 40, 000 100, 000 140, 000 
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DTPORTS. 
Diamonds and other precious stones impo1·ted and entered for consumption in the Dnited States, 
1867 to 1884 inclusive. 
Fiscal years ending June 30- GlaEier's. 
1867........ •. ••••••.••..... .... $906 
1868 .••....•.•...• : • • • • • . • • • . . . . 484 
1869...... •.••.... .. ..•...... ••. 445 
1870....... ... .. . ••• •• . ••. . ..• . . 9,372 
1871. ••• •• . •. . •• . . • . . . • . . • . . . . . . 976 
1872.... •• . .• . .• .•••••........•. 2,386 
1873 .••••• .-•••.......••••..•••...•.••...•. -
1874 .•••••.•••••.••..•••••..•... ···•·• . .••. 
1875 .•••••.••..•••.••..••....•.. · ...... · ··•· 
1876 ..•.....•....•.. ·••········· .••••. ··•·· 
1877 .•••••••.•••.••.........•••• · ••••• ...•. 
1878 .••••• ·••·•• .•••........ .. .. ·•·•·· . .-.. . 
1879 ...... . .•..•.••.......•................ 
1880 .•••...•.•...••••.••...... .. .. .. .•.•. 
188L. .............•.............. ••.. ...... 
1882 ...................................... . 
1883 .•••••.......••... ·••····•·· .•....•.... 
































Diamonds Set in gold 
and other or otlier 
stones not metal. 
set. 
$1,317,420 





2 !H7 216 
2: 158: 172 
3,234. 31!) 
2,409, 516 
2 110 ·215 
2'. !l,o'. 469 
3, 8-ll, 335 
6,690, 9)2 I 
s. a20, 315 I 
8,377,200 




































8, 126, !181 
9,139,400 
a Not specified. 
Imports of substances not included in the foregoing table, 1868 to 1884 inclusive. 





------- - -- --- - - ----- - - ------·---
1608 . .•..•. ·•·••···•••· ... ..... . .. . 1 ...... . ......... ------- · ·····-- $62,270 $62,270 1869 .. •..•...........•. ------ .... !:~. j $~~~ . ...... .. . $427 • .i ......... . ..... .. 22,417 $6,407 29, :i90 ]570 . ... ....... .. .•••• . ....... . ......... 1, 4:J3 -------- ........... JS, 9i5 3,998 2:i, 172 
1871. . ....•....•....... ·----· 1 661 ··-··--· liO ·-· ·-· -- ·-·--··· 37,877 698 39,417 1872 . .......•. ....•..•. 529 I 207 2,426 $83 59,598 2,194 06. 0:37 
1873 ....•....•.... ..•. $151 1,310 . ----. $1,237 1,534 $59[; 230 63,805 5,608 74,470 
1874 ------·----------- 177 ], 524 ·----· -· · · 1,448 1,057 527 2~. ]52 270 3:J, 155 
1 75 ..•.••........••.. 520 5, 16:i 57 7, Hi9 715 1,278 33,567 2,902 51,373 
1876 -···-· ------- ----- 293 1,567 ------ ·---·--· 15,502 1~7 ]09 3:.., 559 21,939 73,HiG 
1877 . .••••..•••.• ·•·•· 579 1,904 b 69 17,307 329 718 28,650 9,304 5 , ~Gu 
1878 ······-----------· 82 404 76 1:i, 215 1,119 1,252 12,667 16, ~08 45, 123 
1879 ......................... 138 364 ····-· ··-··- -· 17,821 203 147 11,327 19,088 49, 0 8 1880 . ....•. .... ........ 57 2,346 ------ ...... 36,860 2,317 62 5,492 30,849 77,983 
1881. .•.•••.•..•..•••. . 486 1,700 5 42,400 1,102 89 2,501 72,754. 121,037 
18 2 . .•••.•..••••.••.• . 901 5, 08( 111 72,479 4,174 1,474 669 56.118 141,010 
1883 .. ••••.•••....•••. . 14 2,895 ------ · · ··--·· 40,166 3, 4i2 681 1,303 58; 885 107,416 
188'L .•••••.••......... ...... 6,100 3,496 56,301 4,692 158 (c) 43,169 113,916 
bNot separately olaeeified since 1877. c Not specified. 
FERTILIZERS. 
PHOSPHATE ROCK. 
BY DAVID T. DAY. 
All the natural som~ces which yield phosphorus even in very small 
quantity have industrial value in furnishing this element for ferW-
izers. First among these sources are the different varieties of calcium 
phosphate found quite widely distributed.over the United States. This 
substance occurs as "phosphate -rock" in a bed of enormous value, 
with its center at Charleston, South Carolina. The bed can be mined 
for a distance of 70 miles parallel-to the coast, and has a maximum width 
of ~O miles, and crops out again irregu.h;trly in North Carolina; lately 
similar deposits have been investigated in Florida, and the phosphates 
of Alabama will probably assume industrial importance in the future. 
While these deposits have a few distinguishing features, to be spoken ' 
of farther on, they are all much more closely allied to each other than 
to apatite, a phosphate of calcium containing varying amounts of cal-
cium chloride and calcium fluoride, which is the second and less impor-
tant form in which phosphorus is obtained for fe1'tilizers, and which is 
found irregularly distributed through the New England States towa.rds 
Canada. 
SOUTH OAROLINA. 
There is little to be added to the description of the phosphate de-
J?OSits of South Carolina, given by Mr. 0. A. Moses in" Mineral Re- • 
sources of the United States, 1882." The region bas been explored 
quite thoroughly, and new beds are only continuations of old o:zies that 
have become unprofitable. About two years ago Italian laborers were 
fotroduce<l. into the phosphate mines, but they have given place rigain to 
the negroes, who have proved more tractable and better suited to the 
climate. Much attention is now being paid to improveu;ients in the 
<lredges for river mining, the object being to secure a satisfactory method 
of crushing the rock at the bottom of the river. Ju~t I,lOW (June, 1885) 
the phosphate industry is awaiting th.e results of the trial of the new 
Brotherhood dredge, an adaptation of the Clyde form, of which much has 
been said pro and con. The " clam-scoop" dredge has done well in 
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Beaufort river, where improvements in dredging and drying machinery 
are being made more rapidly than at Charleston. The Edisto and .Ash-
epoo district is also receiving m re attention than during former years. 
The production of crude phosphate rock in 1883 and 1884 was --some-
what greater than during any former period. This was due to more 
systematic methods in mining rather than to an increased demand ; the 
prices, therefore, have been somewhat lower, $5.50 per ton being the 
average price for clean.washed phosphates. The West is becoming a 
better market for crude phosphates; 12,000 tons were shipped west· 
ward in the year 1883-'84 against 6,000 tons in 1882.:..'83. From June 
1, 1883, to May ~1, 1884, the entire yield of crude phosphates from 
South Carolina was 431,779 long tons; of this about three-fifths, or 
252,825 tons, were shipped from the port of Charleston, and nearly all of 
the remainder from Beaufort; 6,329 tons were shipped from other ports. 
From June 1, 1884, to May 31, 1885, the production was slightly less, 
namely, 395,403 long tons; the proportion between the shipments from 
Beaufort and Charleston remained practically the same as in the pre-
vious year. .A summary of the entire production in South Carolina is 
given in the following table: 
Phosphate rock ( washed product) mined by the land and river mining companies of South 
Carolina. 
Yea.rs ending May 31-
1867 •··•·•···•·· .......••••• ·••··•·•••·· ·••••• ••••.•.....••.•••••. ~m :::::: :::::: :::::: ::::::::~::::::::::::::::::::::::::: :::::::: 
1870 ·•···· ...... ·• ••·• ·•••·••••••••••••• ·•••·• .•••• : ·•···••······· 
1871 ..•. ·•·•······•· ..••.•.••..• .•••.•.• •...•.•. ••••·•···· .••...•. 
1872 .... ············ ...•.•.••••..•••••.•••••••••.•.•.•........•... 
1873 .... .............. . ... .. •..••...•••.. ·•··········•····••······ 
1874. ···························-······· ····· ····················· 
1875 ..... ... .....................••... ·••··••··••••· ·••····· ..... . 
1.876 .. ···•···· ..•.. .. . .•...•..•.•...•.••••••..•........•.•.••...•. 
1877 .•.• .. .••..•..........••.........•...••.•.....••..... ···•·•· .. 
1878 .........•.••..........•... . ...•...•.....••....•.• ·····••· .... 
1879 ...... ······ ·· ··· · .•.•.•..•... ········-······· ..•..........••. . 1::~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
]882 .......•...•..•......... ·····•···········• ·········••··••····· 
1883 •.•..•...•••••.........•.............•......•.. ····•···· ....•. 
1884 ••••..••.••••• ·••·••••••••••••··•·•·•·••··•··•·•·•······ ..••.. 
1885 .....••••• ··•••· ..••.•..••......••••............•...•......•.. 
Land River 
companies. companies. 
Long tons. Long tons. 
6 ·-----------







54,821 67, 969 
50,566 81,912 









a Not reported separately. 
b Not reported separately; proportion about 255,000 land, 175,000 river. 





















A large proportion of the .Beaufort rock is exported, while most of 
that from Charleston is used in supplying domestic manufacturers. 
The amount con urned by manufacturers in Charleston and Beaufort is 
incr a ing, a hown by the following table: 
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Detaile(l sYale'l1HJ1tl 0f total Jo1·eign and coastwi.se s!tiprnents and local consumption since 
June l, 1874. 
Periods. Beaufort. Charlest9n. 
Total .................. . 51,617 71,173 
Other 
points. Total. · 
122,790 ' 
From .Jnne 1, 1875, to May 31, 1876: 







Total ...................• : ...... .. ... . . 
Total ....•.................... ~ ........... . 












From .June 1, 1877, to May 31, 1878: 





17,635 &i:~s;;ir~~t~.:: ::: : : : : :: ::: :::: :: ::::::::: ::::: ...... ~·- ~~'.. 
Total ...........•.•........................ 
Total ............................•......... 
FroTII, ,Tu~:ie 1, 1879, to May 31, 1880: · 
Ji ore1gn ports ................................... . 














14,218 ........... . 
94,002 ........... . 




88,142 ----·-·---- · 
138,639 
22,905 -----------· 



















Tofal .... .•. ..•.. .... .. . .. . . ••. . . . . . . . . . . . . 147,046 332,077 177,156 7,875 
From .Jnue 1, 1882, to May 31, 1883: 
r!1~:!F1:~~:: ~::::::::::::::::::::::::::::::: .••.. ;;:. !~~. 28,251 150,545 42,620 











From .J tt?e 1, 1883, to May 81, 1884: 
Foreign f)Orts .. ..... . ...............•.....•...... 
Domestic ports ..................•...•........... 
Consumed ...•. ..................•...•...•....•.. 
Total .•.•••........•..........••.•......... 
J!'rom .June 1, 1884, to May 31, 1885: 
_Foreign ports .... ............ ..... ......... . ... . 
gg;~~s;};l,o_~~s. : : : : : : .·:: : : : : : : : : : : : : : : : : : : : : : : : : : 
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A noteworthy feature m the year 1884 was the formation in Mar_ch of 
the Phosphate Miners' Exchange, in which the producers have joined, 
in order to support the interests of the trade. The organization is quite 
perfect, but the price of phosphate rock bas not risen since its forma-
tion. The following companies and individuals are engaged in mining 
phosphate rock in South Carolina: 
List of phosphate rnining companies in South Carolina. 
LAND COMPANIES. 
Charleston Mining and Manufacturing Company, Ashley river. 
Bolton Mines, Ashley river. 
C. C. Pinckney, Ashley river. 
Rose Mining Company, Ashley river. 
Wm. Gregg, Ashley river. 
Saint Andre:ws Mining Company, Stono river. 
D. Roberts, Stono river. 
A. B. Rose, Ashley river. 
Wando Company, Ashley river. 
G. A. Trenholm & Son, Ashley river. 
J. F. Fishburne, Ashley river. 
F. C. Fishburne, Edisto river. 
L. N. Chisolm, Edisto river. 
Cahill & Wise, Ashley river. 
Charles H. Drayton & Co., Ashley river. 
Pacific Guano Company, Bull river. 
E. Willis, Charleston. 
G. H. Linstedt, Ch~rleston. 
Charleston Phosphate Company, Charleston. 
Dotterer & Ravenel, Charleston. 
D. W. Ebaugh, Charleston. 
W. L. Bradley, Rantowle's creek. 
C. 0. Campbell, Charleston. 
· Wm. Wilkinson, Charleston. 
RIVER COMPANIES. 
Coosaw Company, Coosaw river. 
Farmers' Company, Coosaw river. 
Oak Point Mining Company: Bull river. 
South Carolina Phosphate Company, limited, Beaufort .. 
Pho phate l\finiug Company, limited, Beaufort. 
Campbell & Wilson, Beaufort. 
J.B. & J. Seabrook, Beaufort. 
W. T. Seward, Beaufort. 
George Gage, Beaufort. 
Baring mine, Jackson borough . . 
J. G. Taylor, Beaufort . 
. M. Croft, B aufort. 
G. T. Davis, Beaufort. 
W.W. Farr, Beaufort. 
Tr nholm & Venning, Charleston. 
, a I fand Chemical Company, Saint Helena sound. 
Hume r . Co., limited, Saint Helena sound. 
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11:(anufiwture.-N umerous ad vantages are offered to the producer of 
phospb'ate rock for converting his product directly into the usual form 
in which it is applied as a fertilizer, namely, "superpbosphate of limP '' 
(see page 815), and thus save freight on fertilizers which would otherwise· 
be shipped from States farther north. The manufacture is increasing 
·rapidly, and the following firms _in South Carolina are now making fer-
tilizers of various grades : 
'List of manufacturers of superplwsphates and fertilizers in South Carolina. 
Name. Capital.' Location. 
Wando Phosphate Company .......••••...•..............•..••....... 




Ed_isto Phosphate cfompany ...........•••.....•...................... 
Etiwan Phosphate Company ........................................ . 
.Ashepoo Phosphate Company ...................................... , . 
Cbal'leston Phosphate Company .................................... .. 
!~1:t~rS~~f I~BLHH\/ H!Eii + H: 
Sea Island Chemical Company ...................................... . 
Hume Bros. & Co., limited ..... .. ... ••.. ....•.•.•............. . . ... .. 

































Statement of manufactured fe1·tilizers shipped from Charleston since 1871. 
[Calendar years.] 
By- 1871. 1872. 1873. 1874. 187_5. 1876. 1877. 
---~------ ------
Shm·t Short Short Short Short Short Short 
South Carolina railway: tons. tons.· tons. tons. tons. tons. tons. 
t\~i~~~-:·:-~~:: :: :: :::~::~ ~::::: 3,616 7,224 8,832 7,330 4,830 8,084 . 5,480 4,809 8,304 10,295 7,901 9,780 11, 156 12,419 5,703 9,925 13,714 8,214 11, 156 8,491 10,710 
tt~;i~----_-_·_·_·_::::: :: : : ::::::: :: : : : 
2,853 2,845 5,419 2,049 4,313 2,565 2,183 
80 112 175 :n8 164 77 70 
Northeastern railroad:. 
t~l~~(-:~-: :: ::: ::~:: :: : ::: : :: 182 626 1,912 1,271 2,872 2,064 385 599 1,955 2,008 2,684 3,813 3,894 l, 081 603 1,284 3,011 2,804 3,195 2,927 3,385 
t~;~ ::.-.·.·_·_::::::::::::::::::::: 293 580 1,606 1,001 1,379 1,109 888 ·· ·· -··-- -----··-· 76 41 106 58 57 Cha~eston and Savannah railway: 
tl~!i;~:-:·::-:: :: : : : : ::: : : : ::: : :: 4 193 95 116 282 206 322 87 587 350 285 497 551 791 300 240 520 253 424 401 256 
~~~~::::::: ::::::::: :::::: :::::: 54 130 120 153 90 108 26 2 1 1 1 1 1 31 
Georgetown, Pee Dee, Santee, and 
Edisto steamers: 
January to June .. .. ............ 1,236 2,713 2,038 1,679 1,906 855 1,081 
---
36,719T50~ 
------------Total five months ............. 20,481 37,000 • 44,808 42,547 40, 06;; 
For remainder of year ...••••.. 2,108 1,040 6,126 9,382 6,029 3,896 5,691 
Grand total . .....••............ 22,589 37, 759156~298 46,382 50,837 46,443 45,750 
' 
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Statement of manufactured fertilizers shipped from Charleston since 1871-Continued. 
By- 1878. 1879. 1880. 1881. 1882. 1883. 1884. 
-----------'l------·1------,.--------





tl~!~~:·:·:~·:-: :::::: ::: : :: :::::: 
April ...... :. .................... . 
Ma:v ..•... . ..................... 
Charleston and Savannah railway: 
~£!~(: :; ::: i :: : i:::::::::: 
May . . .......................... . 
Georgetown, Pee Dee, Santee, and 
Edisto steamers: 
































































































































Total five months . . . . . . . . . . . . . 47,152 48, 838 1 64,005 77,525 73,490 1· 111,464 122,816 
Forremainderofyear ......... 4,848 ·11,162 15,995 25,000 29,000 20,000 17,184 
Grand total.... . . . . . . . . . . . . . . . 52, 000 60, 000 I 80, 000 102, 525 102,490 131, 4-64 14G, 000 
NORTH OA.ROLINA. 
Within_ the years which this report is intended to cover (1883 and 
1884) discovery has been made of beds of phosphate rock in North Oar· 
o1ina of such extent that they must inevitably become an important 
factor in the phosphate industry of the United States. The discovery 
is due to Dr. Charles W. Dabney, jr., director of the agricultural ex-
periment station of North Carolina, and it is from the reports of this 
institution that the following account has l)een condensed.. The beds 
of marl common in Virginia are also found in many counties of North 
C:1rolina. It has been known for many years that coprolites and fish 
teeth may be found at tlfe bottom of this marl. They are mixed with 
shells and rounded pebbles of quartz. They have been noticed occa· 
sionally in such quantity that suggestions µave . been made in several 
geological reports as to their practical value for fertilizers, but they 
barn remained untouched until now, although the assodated marl has 
been dug for manuring adjacent land. This was the state of knowledge 
in regard to them from 1852 to 1883. Jn the winter of 1883 Dr. T. D. 
Hogg took a phosphatic specimen to the experiment station at Raleigh 
fo1· examination. The specimen came from a farm at Castle Haynes, 
New Hanover county. It was followed by another specimen from the 
ame county, near Rocky Point. Both consi ted of a" conglomerate" in 
which ph phatic nodule , harks' teetll, shells, etc., were bound together 
Y a cem nt of carbonate of lime. Soon after thi, Ir. Levi l\1oorc and 
1. · M. ai ~on nt ample from another part of the State, Samp on 
c un , which or more the character of pho plla,te rock. Brief ex· 
ploration of the e localities were made and so much interest was 
, , 
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awakened that many samples were sent to the station for analysis. The 
results showed that numerous deposits of phosphate rock exist i u 
Sampson, Duplin, and Onslow counties. This information wa,s ou-
tained in the :first year after the earliest intimation had been recei vell. 
of the existence of the phosphate rock. In January, 1884, a st1r,·ey-
ing party was sent out, and the following account of its operations 
gives the basis upon which the subsequent opinion as to the practi-
cal value of the North Carolina phospliates is based. The phosphate 
localities lie in a belt 15 to 20 miles wide, extending. from the SoutL 
Carolina line northeastward with the trend of the coast to the Neuse 
river, and with its southeastern boundary 20 to 25 miles from the 
coast line. It runs through the counties of Columbus, Bladen, Samp-
son, a corner of Pender, through Duplin, and includes a small pa.rt 
of Lenoir, Jones, and Onslow counties. It was the work of the :first 
survey party to establish ·these limits by examining all the deposits 
and forming a ·crude estimate of the situation of each bed as well as 
the quality and quantity of phosphate. Phosphates were found in one 
hundred and forty-eight localities in the whole belt. Up to October, · 
1884,. seventy-one of these, lying in the central part of the belt, 
mainly in Sampson and ,Duplin counties, had been explored. The 
boundaries of each bed were determined by digging pits at short in- . 
tervals. The thickness of the l?eds and the distance from the surface 
were measured, and the yield of rock compa1·ed with the amount of 
earth which must be removed to get to it. This exploration developed 
the fact that the belt is a gently undulating country 60 to 120 feet 
above the sea-level. The beds are of very irregular outline and in what 
are usually termed " pockets." They are found on small streams, 
usually a few hundred feet down the stream from the marl beds. They 
lie in the bottoms and extend into the adjoining slopes. They are found 
at all depths from the surface to 20 feet, which is as deep as the ex-
ploration has been pushed. The surface soil is a very sandy loam, the 
· subsoil a stiff yellowish or reddish clay. The phosphate rock is found 
frequently immediately underneath a stratum of 2 to 4 feet. of this 
clay imbedded in coarse sand. Underneath this is another stiff, :fine-
grained, bluish clay. The layer of phosphate rock is 6 to 20 inches 
thick. The rock is in the form of light gray to dark greenish-black 
lumps, which are rounded and perforated, f:hough less so than the South 
Carolina rock. They vary in size from that of an orange to great slabs 
or cakes weighing half a ton. The seventy-one beds explored lie along 
the line of the Wilmington and Weldon railroad, on either side in an 
area seven miles square, including Warsaw, Bowden's station, and 
Faison's. Fifty of the beds, varying in size from one-third acre to 12 
.. acres, were found to yield phosphate rock -containing from 30 to 60 per 
cent. bone phosphate, and when followed only to a depth of 10 feet 
yielded 100 to 1,100 tons per acre, the average being 407 tons to the 
acre, As this gives t)le l:l,verage of thtftotal area explored it does not 
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represent the best yield which would be obtained in mining, by neglect-
ing poor beds. The following is a summary of the survev's work· 
Sumrnary of e.cplorations of North Carolina ph{)sphate deposits. 
Total number of acres explored.................... . ......................................... 124. 98 
Total number of pits dug .......................••....•...•....•......••...•....•••........ - . 700 
Total cubic feet earth excavated ................... ... ..........••..............•............ 69, 719 
Total pounds phosphate rock excavated . ..•.....• ~- .....••••....•..•••...••..••.•....• .... - . 75,495 
Total calculated number tons of phosphate rock in the 124.!JS acres .....•••...••...•...••.... 50,864.48 
A. v~rage tons per acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • • • . . . . . . . . . . . . . . . • . . • . . . . . . . . . 406. 98 
In order to test the actual cost of mining the rock a bed was selected 
not for its richness but proximity to the railroad, and the co.st involved 
' in loading 50 tons of rock on the cars was carefully noted, as follows : 
Cost of rnining 50 tons of North Carolina phosphate rock. 
Cubic yards earth, etc., excavated . . • • • . . . • • • • . . • • • . • . • . . . . . . . . . • • . . . . . . . . . . • . • • • • • • • . • . . . . . . . . 681 
Fraction of an acre excavated . . . • . . • • • . • . . • . . . . • . . . . . • • • . . • . . • . • . . . . . . . . . • • • . • . . . . • . . . . . . • . . . . O. 11 
Cost of excavation ....................•....................•......•.•.•.••• ...•......•....••. ~. $110 05 
Cost of hauling ................ _ ..•........•••...•................•.•........ _................. 33 75 
Cost of loading on oors ... .. .. ......•........•...•.•.•...••..•.....•...••.....•..• : . . • . . . . . . . . . . 2 75 
Cost of ditching ....... · ..... .. ... _.. .. • . . . . . . . . . . . •. . .. . . . . . . . . . . . . . . . •. . . . . •• . . . . . . . . . . . . .. • . . 18 75 
Total cost ............... _ .. . ................. ______ . ____ ...........•....... ________ .... ________ 165 30 
This experimental mining was carried on during very wet we~ther 
in March, and it is probable that the expepse could be reduced to $110 
instead of $165. The following are · analyses selected at random from 
among a large number published by the agricultural station: 
Analyses of North Ca1·olina phosphate rock. 
Locality. Moisture. ~a
nd and I Carbonate I Phosphate 
1:~ir:J_e of lime. of hme. 
Per cent. Per cent. Per cent. Per cent. 
Farm of J. W. Best, near Warsaw, Duplin county.. 1. 08 
Farm of D. I. Woodward, near Warsaw, Duplin 
county........................... .. ........ ..... .66 
}':nm of D. I. Woodward, near Warsaw, Duplin 
county. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Farm of R. Middleton, 2 miles east of Warsaw, Du-
plin county . . . __ .. . . . . . . . . . . . . .. . .. . . . . .. . . 1. 57 
Farm of R. '.Middleton, 2 miles oast of Warsaw, Du-
plin county .. . . .. . . . . . . . . . . . . . . . .... _...... . OJ 
Ftt1m of G. '.Middleton, 2 miles east of Warsaw, Du-
plin county . . . . . . . .. ... . . .. . . . . . . ... . ...... ...... 1. 73' 
:Farm of G . ..Middleton, 2 miles east of Warsaw, Du-
plin county . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 79 
:Farm of Levi Moore, 4½ miles southeast of Warsaw, 
Duplin county........................... . . ... . .. . 63 
Farm of Mrs. R. Bowden, 1½ miles west of Warsaw, 
:::iampson county ...................... .... .................. . 
Farm of Col. A. M. Faison,2½ miles west of Warsaw, 
SampHon county. . . . . . . . . . . . . . . . . . . . . . . . . ....... .' ........... . 
Farm of A. Rieb, 3 miles south of Faisoo's, Samp· 
son county.............................. . . ................. . 
Capt. L. T. Hicks, 4 miles southwest of Faison's, 
Sampson county.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
42. 96 4.18 42.46 
30.44 6. 30 53. 03 
30.69 6.30 45. 78 
38. 09 3. 81 45.16 
28. 92 2.43 57.18 
59.47 3.12 28.19 
51.17 5.91 37.28 
37.36 4. 96 44. 51 
60.58 3.43 28.88 
30. 60 3. 01 46. 56 
34.60 5. 71 46.19 
35. 76 5.11 43.58 
The e analyses show that the composition varies within considerable 
limit , but al o that beds can be pfoked out which will yield phosphates 
a rich a: tho e of South Carolina. They contain small amounts of cal-
cium :fluorid , oxide of iron, and alumina. 
to th chance of thi rock being utilized, there i nothing in the 
lo ati n of th b cl which would interfere with it being mined for local 
u · in th anufacture of superphosphate . The beds are all compara-
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tively near the Wilmington -and Weldon railroad, and the test of the 
cost of minin~ has shown that rock can be put on the cars at a price low 
.enough for the profitable manufacture of superphosphates. Considering 
the enormous amount of manufactured phosphates used in North Caro-
lina, it is safe to predict that factories will soon be established to satisfy 
- the needs of the State by home products. At present phosphates are not 
manufactured to any great extent in North Carolina except at the works 
of the Navassa Phosphate Company, near Wilmingtou; this company 
is so removed from the phosphate region and has become so well con-
nected with other sources of phosphate rock that it must be looked upon 
rather as a foreign element, and if the new beds are to be utilized it must 
be by manufacturers located nearer the deposits and working in common 
with the miners. Such borne manufacture will have the advantage of 
minimum freights for crude material as well as manufactured fertilizers. 
In regard to the possible influence of the North Uarolina phosphates 
upon the fertilizer trade at large, it must be remembered that the question 
of exportation brings up the sharpest competition with the Charleston 
phosphates. If phosphates can be shipped from North Carolina which 
contain as much calcium phosphate as those of South Carolina, the 
competition comes upon an e;en footing, and that phosphate wm find 
sale which can · be delivered at least cost. The superior facilities for 
loading on vessels at Charleston would probably be sufficient to decide 
in favor of those deposits, which are directly at a deep-water harbor, 
while the North Carolina phospha,tes must be mined through woods and 
swamp land, requiring much improvement in the way of terminal facil-
ities. Further, in order to compete with the South Carolina industry, 
North Carolina must break into well-established lines of trade involving 
other industries than phosphates. It has still to be shown that the phos-
phate deposits of North Carolina are so extensive as to becom.e a rival of 
Charleston in point of quantity. If, however, they should prove equally· 
large, the question of their utilization outside of the State is one of the 
time when the cost of mining in Charleston shall rise to the limit of 
profitable shipment in North Carolina. 
The '' conglomerate" found near Castle Haynes and Rocky Point, in 
New Hanover county, is a formation different from phosphate rock. It 
is found at the bottom of marl beds, and consists of cemented coprolites 
and bones of fish. Taken as a whole, the composition of the conglom-
erate is given in the following analysis: 
Analysis of North Carolina coprolitic marl. 
Percent. 
Calcium carbonate ........... -·-··_._ ..........•. ·--- •. __ ....••.• 64. 26 
Calciulll: phosphate (bone phosphate) ..... _ ........ _. _ . .... _. . . . . 11. 16 
fE~;~~: :~~~: ~i~~i~~~:::: :: :: : : :: : :::: :::::::::::::::::::: ::: : : : : :~ 
Sand, soluble silica, oxide of iron, alumina., etc., undetermined:::: T~f!~· 
100. 00 
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The conglomerate is found " in large beds along the northeast Cape 
Fear river, in Pender and New Hanover counties. The beds are seen 
wherever the creeks have cut through the sand or wherever ditches 
have been dug, throughout a region 25 miles long and 10 miles wide. 
Beginning at the south, they appear at various points about Wilming-
ton; 1 mil,e east, at a ballast quarry, whence a lean phosphatic rock 
has been shipped to many parts of the world as ballast; ·2 miles 
northeast, along the banks of Smith's creek; 1½ miles east, in S. W. 
Noble's marl pits. From this point the beds extend up the northeast 
Cape Fear, appearing chiefly upon the right bank of the river, and 
throughout the country to the east, until they disappear under the sand 
banks of the coast. Ten miles north of Wilmington, in the Castle .Haynes 
neighborhood, they attain their•greatest development and come nearer 
the surface. They appear all along the bank of the creek here 4 or 
5 f~et thick, and in the fields adjoining the creek the conglomerate 
is found within 2 feet of the · surface and 4: to 5 feet thick. The beds 
cross the river 1½ miles north of Castle Haynes, and from this point 
onward appear chiefly on the west side, between the river and the 
line of the Wilmington and Weldon railroad. Here again they are seen 
on the banks of the creek and in the ditches. They are exposed to 
great advantage on French Brothers' farm, 3 miles east of Rocky Point, 
where marl and limestone have been largely dug. The Messrs. French 
have removed the limestone for burning lime down to the conglomerate 
and exposed it for several acres. To the north from this point the beds 
are found on Durham farm, the Walker farm, across the .river on Greg-
or;y's creek, etc., until they are lost in Holly Shelter and Angola Bay 
swamps. North of the swamps, in Duplin, Onslow, and Jones counties, 
the phosphates occur again [but now as phosphate rock]. 
"At French's bed 'a tough, solid shell-limestone 5 to 7 feet thick is 
· found 3 or 4 feet below the surface; below this the conglomerate is 2 
inches to 2 feet thick. At Castle Haynes there is either a mere skim of 
the limestone or none at all, covering the 4 to 5 feet of conglomerate. 
At the other places a layer of loose nodules is found on top of the con-
glomerate. .At Noble' farm , near Wilmington, a bed of very soft marl 
2 feet thick is found carrying the nodules, and a bed of hard conglom-
erate under this for 2 feet deeper. At other places, a thick bed of shell 
marl rest upon the conglomerate." "The nodules of thfa conglomerate 
are of all sizes from a pumpkin to a, bean. Tbey are srn,tller about Wil-
mington aud Cadl Haynes, and larger at French' . They arc of all 
shap . , out for tlic wo;.it part ki<lney and egg bape<l. Their color i' 
lig-ht Tay to gr enish black. Some are perforated, but le o than 
'outh U,n Jina, rock. 'Ih, compo ition varie markedly even in the 
pi c of conglorn rate." The followiug i th complete analy ·i of 
pu f th 11 dul · from th conglomerate, taken at ranq.om; 
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..4.nalysis of North Carolina phosphatic nodules. 
Sand ........ ...... ............................... . 
Carbonate of lime ..•.............................. 
Magnesia ........................................ . 
Potash ......... ............ •... ............. ...... 
Oxide of iron and alumina ........................ . 
I:i;?!~!ea~J~~: :::::: :::::::.-:::: ::::::: ::::::: 












"The variations in.composition of the nodules from different localities, 
and even from the same locality, are illustrated by the following analy· 
ses: 





of lime. of limo. . 
Per cent. Per cent. 
~'ro~ Castle Haynes ........ It:::::::::::::::::::::::::::: ....... ~~:~~ ........ ~~:.~~ . 
From French's farm ........ . 5 l.............................. 18. 50 39. 04 
( 2.... . ............... ... . . . . . . . 20. 02 42.12 









'' The average percentage of phosphate of lime in a large number of 
individual nodules, separately examined, is 32. A hrge lot of nodules 
ground up together and well mixed gave 30.90 per cent. phosphate of 
lime. The economic relations and agricultural value of these deposits 
were tested this year (1884) with such good results that a company, called 
the North Carolina Phosphate Company, has been formed to put this 
material on t,he market. The conglomerate is very easily mined. After 
the 2 feet of earth is removed with plows and scrapers, the deposit is 
shattered with powder, crushed, and ground." The deposits are on nav. 
igable water and will probably be profitable. 
FLORIDA. 
Phosphate rock has been found in Florida, in Clay, Alachua, Duval, 
and Gadsden counties, and between Wakulla and the Saint Mark's river 
in Wakulla county. Lately a large deposit of phosphatic nodules has 
been reported by Dr. Willliam Dall as occurring in the central portion 
of the State, in the neighborhood of Gainesville; it is supposed to ex-
tend across to the northwestern border. Attention has only recently 
heen called to it, and a small mill has just been started at Hawthorn, 
Alachua county, 6 or 7 miles from Gainesville. Bowlders of phosphate 
rock have been found on knolls further east than Hawthorn. The de-
posit is a, fine sand to a coarse gravel co~ted by phosphate of lime, and 
.. 
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has often an oolitic appearance. The deposit is said to rest on the Oli-
gocene. In places the beds are 6 to 8 feet thick. It is very probable 
that the cost of freighting phosphates from Charleston to distant poi_nts 
in Florida will tend to make these deposits a valuable source of super-
phosphates for local use. 
A.LABAMA. 
BY W. C. STUBBS. 
In Alabama there is a belt running across the State from east to 
west, just below its middle, included between parallels of latitude 32° 
and 33°, which has a widespread celebrity. Locally it is known as the 
"black belt," formerly so called because of its prevailing black lands, 
so productive of corn and cotton. Latterly it is referred to politically 
as the "black belt" on account of the predominance in numbers of the 
negro race, outnumbering the whites nearly four times. In fact one-
half the negroes in Alabama are to be found in this belt. Agriculturally 
this belt is called "the •prairies," because here and there, where the 
Rotten Limestone comes to the surface, occur patches of true prairies, 
and from their presence, and the similarity of most of the soils, the term 
''prairie" is applied to this entire region. Geologically this belt belongs 
to the Cretaceous or Chalk period. The great chalk hills of England, 
characteristic of this period there, are replaced in Alabama by the 
Rotten Limestone. This formation is divided by Hilgard, in his geo-
logical report of Mississippi, into four groups: First or lowest, Eutaw;· 
second, Tombigby Sand; third~ Rotten Limestone; and fourth, Ripley. 
The four groups are thus described by him: 
" I. Eutaw group. - Bluish black or reddish laminnted clays, often 
lignitic, alternating with and usually overlaid by non-effervescent sands, 
mostly (though not always) poor in mica and of a grayish yellow tint. 
Contains beds of lignite, very rarely other fosssils. Those found (by 
Tuomey in Alabama, none in Mississippi) are silicified, and the sand 
when indurated shows a siliceous cement." The name Eutaw was ap-
plied to tlds group by Dr. Hilgard because at Eutaw, Alabama, charac-
teristic beds of this portion of the Cretaceous period occur, which were 
:6.rst examined and recognized by Tuomey. 
" II. To.rnbigbee Sand group. - Sharp, strongly micaceous sands of 
greenish blue, laminated when indurated, and cemented by carbonate 
of lime. Very unequally developed in different localities, and appar-
ently subordinate to the Rotten Limestone, into which it shows many 
lithological tran itions and many of whose fossil it shares. 
"Ill. Rotten Limestone group.-Soft, chalky, white limestone, of great 
uniformity and thickne , pa ing into heavy, calcareou , ma y clay or 
li ht-col red marl . 
''IV. Ripley group.-Hard, crystalline, white lime tone (generally 
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somewhat sandy, and often glauconitic), underlaid by black or blue 
micaceous marls, whose fossils are in an a·dmirable state of preserva-
tion. These strata form the Pontotoc ridge in Mississippi, and the 
Chunnennugga ridge in southeastern Alabama; according to late re-
searches by Conrad, they also exist at Eufala, Alabama." 
In the report of'the Geological Survey of ,Alabama for 1881 and 1882, 
Dr. E. A. Smith .makes only three divisions of the Cretaceous period in 
Alabama. Either the Tombigbee Sand does not exist or, if existing, 
without characteristic differences, it is blended with the others. He 
thus describes them: 
"I. Eutaw groitp.-Consists largely of clays and sands, which are for 
the most part deeply covered with beds of Stratified Drift. 
"II. Rotten Limestone group.-This is a great thickness of an impure 
argillaceous limestone, interstratified with clays. The disintegration 
of these beds give rise to the true prairie soils. 
"III. Ripley group,-:-Oonsists of hard, sandy limestone, sometimes 
crystalline, underlaid by strata of bluish micaceous marls." 
The Eutaw group in Alabama is present in great thickness, but is 
everywhere covered with drift and loam to such an extent as to render 
difficult the task of tracing its boundaries. The Rotten Limestone is 
well developed, being over 1,000 feet in th\ckness, and underlying many 
thousand square miles of the State. The Ripley group, while running 
nearly across t,he State, finds its best development in southeastern 
Alabama. 
It is in this "black belt," this Cretaceous formation, these "prairies," 
that phosphates have been recently found. If 3, line be drawn from 
Columbus, Georgia, westward through Tnskegee, Montgomery, Marion, 
Greensborough, and Eutaw, Alabama, on to Columbus, Mississippi, we 
shall have· very nearly the northern boundary. It extends southward 
from this line for twenty to fifty miles. Geologically, it is bounded on 
the north by the Stratified Drift, which conceals the line of union be-
tween it and the coal fields; and on the south by the Lower Tertiary 
groups. 
The phosphatic deposits occur at the base and summit of the Rotten 
Limestone, and they may be designat~d as the northern or lower belt 
and the southern or upper belt. 
The northern or lower belt.-This extends across .the State; near the 
northern limit of the Cretaceous formation previously described. The 
State Geological Survey has traced itfrom Wetumpka westward through 
Prattville, Mulberry, Selma: Hamburg, Greensborough, Choctaw Bluff~ 
Eutaw, Pleasant Ridge, and Pickensville; and Mr. LeRoy Brown, jr., 
assistant State chemist, has traced it eastward through Tuskegee, So-
ciety Hill, and Marvyn. In the eastern part of the State it is covered 
by the Drift to such a depth as to be practically useless; yet its ex-
istence is revealed .by hundreds of wells and several creeks which have 
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passed through the overlying Drift into the underlying greensand. In 
t};le central and western part of the State this belt is well e~posed. On 
the farm of Mr. J. W. Spencer (who was the first person to suspect the 
true character of these phosphates, and through whose instrumentality 
the public were informed of their existence), near Hamburg, in Perry 
county, a thorough examination of these beds was made by Mr. D. W. 
Langdon, jr., of the State Geological Survey, and Mr. Brown. The 
beds were found to outcrop not only on his place, but also on tb.9 farms 
of Messrs. A. F. and A. J. Davis, near the · Cahaba 1·iver, and 5 miles 
from Hamburgh. The following is a section of the formation on the 
places of Messrs. Davis, and is similar to that occUirriug at many ()ther 
places in the State which have been examined: 
________ ·-, Feet. I 
Rotten Limestone, increasing in depth to the south ............ -~ 
tlf!~~.:ii!~~:~~~~~~~~~~~~:~~~~;~~~~~:~~~~~~:~~~~~~~~~: . \ to a I 
Gray limestone, beanng phosphatic nodules . . • . . . . . . . . . . . . . . . . . 1 to . ½ 
Induratedledge . .................................•.......•..... 1 to ltr 
Yellow.micaceous sand, upper part shelly .... .. . ... .. . . . . . . . . . . . 10 to 20 
l:J~~f~31!lt:~. :: : :: : : :: :: : : :: ::: : : : ::: ::::::: :: :: : : :: : : : : : : : . 1f f~ 2~½ 
Yellow sand, upper part shelly.. .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 10 
~~~~~~~t:~n~a.~: ·. ·. ·. ·. ·. ·.::: ·.::::::::::::::: : : : : : : : : ·.:::::::::: 30 ½ t :g 
Greensand, composing becl of Cahaba river...................... • 
At the base of the Rotten Limestone occurs a stratum of green.sand 
marl, five to sh: feet in thickness, which overlies and acts as a guide· 
seam to the underlying phosphate.bearing rock. This greern;,and varies 
greatly in compositio1', as the analyses . to be quoted will show, being 
more highly phosphatized in depth. In fact, the lowest portions of this 
greensa,nd contain a few phosphatic nodules, which increase in quan· 
tity as the underlying matrix rock is approached. Tbe occasional pres-
ence of these nodules in the greensand analyzed doubtless occasioned 
the discrepancies in the analytical results. 
Underneath the greensand occurs a sandy, indurated nodular rock, 
in many places cream-colored on top and gray at bottom, 2 feet thick, 
cemented by carbonate of lime, which contains the phosphatic nodules. 
Some idea of the proportion of phospbatic nodules in this rock may be 
formed from the experiments made by Messrs. Langdon and Brown. 
Several pits were sunk through this stratum, and samples were taken; 
these were accurately mea ured, then broken into small pieces, and the 
nodules carefully collected and weighed, with the following results: 
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Proportion of plwsphatic nodules in matrix, and estimated yield per acre. 
-+:><l! ~ 
.., 
~ . M <ild! 
~~ 
Q) 0 .!4~ Q) Q) ,.d 
'° ... A. as ...... 'a ~$ b.O,..; .!4 ~.g ai ~A .... ~ ~8 ~0 -c,d ... '° s os AA 0 Q) ~ s~ st,_() A-+:> ~~ a,Q) as A ~~ ... 0 rn..., ~ . c!::..d i:l Q) A Q) c,j a)~ Q) i:ias A..cl ~i -+:>-+:> A r ,.d;EQ) .!id'° ,!ldA ,.d 'd <il bl) ... 
i~~ Q ;E Q) ... ·ai ~ 
Q) 
:El ~.s ~ ~ A ~ E-i 
Inches. Inches. Inches. Inches. Ozs. Tona. 
Pit I ........ ....................... 68 48 24 3 l,y 3 by 1¼ 5½ 574.8 l 
Pit II ........................... ... 9½ . -...... 24 12 by 12 by a 72 261.4, t 377. 92 Pitll .............................. 18 . -..... -. 24 12 by 12 by 1 6 208 Pit II .............................. 25 ......... 24 6 by 6 by 2 4 261.4 
PitII . ............................. 33 . ........ 24 6 by 6 by 2 12 784 
I 
From these estimates the matrix rock, 2 feet thick, yields from 208 
to 784 tons per acre, and should an economical process for separating 
the nodules from the rock be devised, the supply of the former would 
be adequate for manufacturing. Where this rock is exposed on the sur-
face, phosphatic nodules are found in quantity. The rock is easily d~-
composed by atmospheric agencies; and the nodules thus released re-
main in place, by virtue of their greater specific gravity, while the 
lighter matrix is washed away. Accordingly, along this shore line we 
:find nodules of all sizes, from that of an egg to that of a pea, and of 
every conceivable shape. They vary in color from white to nearly black, 
and when rubbed together emit a peculiar petroleum odor. These nod-
ules are mainly phosphate of lime, with small quantities of other in-
gredients, mostly carbonate of lime. Accompanying them are casts or 
molds of fossils, which are also highly phosphatic. ''Teeth of sharks" 
and "bones of saurians" occur also in large quantities. 
Directly under the matrix rock is an indurated ledge, from 6 to 18 
inches in thickness, containing a smalJ quantity of phosphoric acid. 
Below this occur beds of yellow micaceous sands, ferruginous sands, 
indurated ledge, blue clay, etc., until we reach another bed of green-
sanct, which forms the bed of the Cahaba river. Analyses of carefulJy-
selected samples show phosphoric acid in these rocks. The entire sec-
tion appears to be more or less phosphatic. This phosphatic material 
may be classified under three heads, namely: 
1. Highly phosphatic nodules and casts. 
2. Phosphatic greensands. 
3. Yellow, micaceous, and other sands, indurated ledge, etc. 
The :first are highly phosphatic, containing from 20 to 38 per cent. of 
phosphoric acid, equivalent to from 43 to 83 per cent. of bone phosphate 
of lime. The second class contain from 0.5 to 11 per cent. of phosphoric 
acid, equivalent to from 1 to 26 per cent. of bone phosphate of lime, be-
sides much potash. The third class contain only a small percentage of 
phosphoric acid, and except for local use are of no value agriculturally. 
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Analyses of samples of each, with localities and descript~ons, are ap-
pended: 
Analyses of phosphatio nodules and casts. 
Description. 
1 Nodules from Spencer's, Hamburg, .Ala.-
bama. 
22.02 48. 00 







Surface nodules, Spencer's, Hamburg, 
Alabama. 
38.00 82. 84 
••••.. do ......•............•..........•........... 35.5 77.39 
...... do ..•.....•................................. 25. 66 55. 88 
Surface nodules, Selma, Alabama. . . . • . . . . . . . . . . . 26. 1 56. 90 
..•.. . do . . . . . . •. . . . . . . . . . . . . . •. . . . . . • . . . . . .. . . . . . 25. 8 56. 24 
. . . . . . do . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . 36. 00 78. 48 
...... do .......................................... 38. 00 82. 84 
Surface nodules, Prattville, Alabama ... ..... .... 28. 14 61. 34 
...... do ".................. . .. . . . ... . . . . . . . . . . . . . . 32. 00 69. 76 
10 
11 
. 12 Surface nodules, Davis's, Hamburg, Ala· 20. 50 19. 41 42. 37 40. 20 
bama. . 
13 Surface nodules, Spencer's, Hamburg, 1. 09 26. 13 57. 04 
Alabama. 
14 Black nodules, Spencer's, Hamburg, Ala· 2. 50 24.16 52. 03 
bama. 
15 White nodules, Spencer's, Hamburg, Ala· 21. 94 20. 07 43. 81 
bama. 
16 Mixed nodules, Spencer's, Hambur~, Ala. 9. 79 19. 97 43. 59 49. 36 
bama. 
17 Nodules separated from matrix rock ...... 22. 07 14. 02 30. 60 39. 03 
18 Phosphate rock, Marion, Alabama........ 7. 61 11. 05 24. 12 
19 Phosphate nodules, Eutnw, Alabama . . . . . 21. 99 16. 48 35. 97 34. 51 
20 Bone fossil, Barker's Mill, .d.iabama...... 39. 71 14. 93 32. 59 18. 40 
21 Phos-phatic nodules, Marion. Ala'.:Jama .... 25. 94 26. 74 58. 37 33. 55 
22 N odulel!I from stratum overlying green. 2. 67 25. 59 55. 85 
sand. 
23 Fossil casts and nodule11, Selma, Alabama. 6. 49 24. 85 54. 25 31. 57 , 
24 .••... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50. 68 12. 88 28. 11 22 . .'.:'O 
25 F°.:~\~:!~ and nodules, Turkey Creek, 5. 93 25.14 54. 88 
26 Fossil casts, Greensborough, Alabama. . . . 16. 2'.l 23. 20 50. 64 39. 34 
27 Fossil casts and nodules, Eutaw, Alabama. 9. 44 21. 53 47. 00 41. 72 
28 Fossil casts and nodules, Newbern, Ala- 10. 85 23.10 50. 43 
bama. 
29 ...... do . .................................. . ............. . ............ . 
80 . Fossil casts and nodules, Day's Bend, AJn,. 7. 73 26. 54 57. 94 
bama. 
31 Fossil casts and nodules, Marion, Ala- 12. 55 14. 23 31. 06 . . .... 
bama. 
82 ...• •. do ..... ............... .............. . .................... . .... .. . 
as F°l'i~b;:;.s and nodules, Pickensville, 4. 23 22. 40 48. 90 
Analyses of greensands. 




0 ~ ·c: 0 
0 .Cl .Cl P< 
~ cP 4) 
0 r:::i ! .Cl 0 P-1 P=l 
Gre n and from Spencer's, Hamburg, Ala-
bama. 
11.41 24. 88 
2 .••••. do ............... .. ........................ . 10.16 22.15 
a ..••.• do··································· ...... . 10.19 22. 21 
4 ...... <lo . ................................. . ...... . 11. 51 24. 99 
,\ [JI iiiii?\I\tll/( t:::: 11. 20 24.42 9. 00 19. 62 11. 78 25. 78 9.31 20.29 11. 88 24.70 
5.16 1L26 
Where analyzed. 











State laboratory of A . 
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.Analyses of greensands-Continued. 
t :s ~ 
I 
t: 0 1e d ~ .Cl a 0 ~ Description. ~ "§ 0 Where analyzed. 
~ :a .Cl .g. 
! .§ 
A 0 tD ~ 
0 s:I .§ ~ ... 0 
H p.. ~ H 
------
11 Greensand from Spencer's, Hamburg, Ala- .......... 9. 97 21. 78 . ........ U Diversity of Alabama. 
bama. 
12 ...... do ......•............................ ·----- - 8.12 17. 70 ......... Do. 
13 ...... do ................................... ........ . 7. 6 16. 59 . ......... Dr. Charles Gibson, Chi· 
cago. 
14 Greensancl, Eutaw, Alabama .............. ........... 7. 8 17. 01 . ........ University of Alabama. 
15 Gre,3nsand, Choctaw Bluff, Alabama ...... 5.03 10. 96 ------- Do. 
16 Greensand, Coke's .Mill, Alabama . - - ..... .4i:42' 4. 30 9.38 .......... Do. 17 Greensand from Spencer's, Hamburg, Ala· 67 1.46 29.62 State laboratory of A. 
bama. and M. College. 
18 ...... do ................................... 41.11 85 1. 85 17.68 Do. 
19 ...... do .............. .. .............•..... 48.81 ·4. 35 9. 56 9.13 Do. 
20 ...... do ................................... 28. 62 66 1.44 24. 80 Do. 
21 Greensand, first 12 inches, Pit I, Spencer's, 42.66 1. 61 3. 51 16.18 Do. 
Hamburg, .Alabama. 
Do. 22 Greensand, next, 9 inches, Pit I, Spencer's, 54.52 2. 79 6. 09 13. 86 
Hamburg, .Alabama. · 
23 Green sand; next 7 inches, Pit I, Spencer's, 31. 95 2.13 4.65 9.44 Do. 
Hamburg, .Alabama. 
Do. 24 Greensand, next 20 inches, Pit I, Spencer's, .......... 3.38 7.37 8.40 
25 
Hambmg, .Alabama. 
2.49 5.43 Do. Greensand, western Autauga, .Alabama ... . ....... . 8. 38 
26 Greensand from a well, western Autauga, !,i, 67 14.56 7.57 Do. 
.Alabama. 
27 Greensaml becl 3 feet thick, western .Au- ......... 2.63 5. 74 ........ Do. 
tauga, .Alabama. 
28 Groensand bed 8 feet thick, Summerfield, ······· .Alabama. 
3.60 7. 85 ........ Do. 
29 Greensand, Selma, .Alabama ..•. . ... ...... 5. 22 11.39 Do. 
30 Phosphatic greensand, Wetumpka, Ala- 66.15 1. 52 3.31 ,.33 Do. 
bama. 
31 lndurated greensand, Eutaw, .Alabama ... 39. 87 3.24 7. 07 ------- Do. 32 Greensand, Marion, .Alabama . ............ 37. 70 3.78 8. 25 ......... Do. 
33 Greensand, Scott's Station, .Alabama ...... 2.36 5.17 ........ Do. 
.Analyses of the -matrix rock. 
Description. Where analyzed. 
1 Matrix of nodules, Spencer's, Hamburg, 5.12 11. 16 University of .Alabama. 
.Alabama. 
2 ...••. do ........••••...........•.................. 4. 2 9.16 Do . 
3 .. ... . do . ...............•.............. . . · ......... 4. 65 10.14 Do. 
4 .. . ... do . ............................... . ... --··--· 8. 00 17.44 Do. 
5 Blue matrix of nodules, Spencer's, Ham· 2. 2 4. 80 Do. 
burg, .Alabama. 
6 White matrix of nodules, Spencer's, Ham- .......... 3. 6 7.85 Dr. Charles Gibson . 
burg, Alabama. 
Matrix of nodules, Selma, Alabama ...... . 5. 05 10.11 Do. 
8 .... .. do . ...................••.•........... 3. 98 8.67 University of Alabama. 
9 I Mf~ia~a.nodules, Spencer's, Hamburg, HO. 28 2. 58 6. 63 30.06 Do. 
10 ...... do .......... . ............ ........... . 32. 50 3.85 8.40 29.61 State laboratory of A. 
11 I Matrix rock free from nodules, Hamburg, 40. 61 2.45 5.34 27. 07 and 1\:L College . 
.Alabama. 
12 I Matrix rock with nodules, Hamburg, Ala- 53. 74 2. 79 6.09 17. 20 Do. 
1 bama. 33. 81 2.26 I! I : : : : : : ~~ : : : : : : : : : : : : : : : : : : : : ~: : : : : : : : : : : : : : 4. 93 n8s Do. 47.13 1.46 3.18 24.41 Do. 
15 Matrix rock free from nodules, Hamburg, 27. 82 95 2. 09 41. 00 Do. 
I All'!'ba~a. . 
31. 55 3. 58 7. 81 16 . Matnx rock with nodules .......... . ...... 32.07 Do. 
17 I Matrix rock with nodules, Cababa river ••. 54.30 1.83 3. 99 25. 22 Do. 
18 Cream.colored matrix: with nodules, Ham· 35.17 2. 20 ,.so 24.10 Do. I burg. 
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Cl) .s ~ 
~ al ..c:: a ·g ~ Where analyzed. 
I-< Description. 
G) 0 
~ .cl G) .Cl P< 
,Q ..s ~ G) G) 
~ i 0 § .§ i::i .Cl 
~ H il-1 ~ ..:i 
- -- -----
1 Sands below indurated ledge, Hamburg ... ....... ... .. 6. u 14.17 .......... University of Alabama. 
2 ...... do ................................... 3. 8 8.24 Do. 
3 Sands uuder greensand, Cahaba river .... 94.34 ···---· . .. ........ 1. 95 State laboratory of A. and M. College. 
4 ) ( 31. 53 3.38 7. 37 26. 73 Do. 
5 
I These represent section from green~and I. 
56.65 69 1. 50 21.10 Do. 
6 92. 3 38 72 9.47 Do. 
7 91.89 29 63 2.85 Do. 
6 r downwa<d, oaoh taken a foot below tho< 95. 55 44 96 72 Do. 
9 J otbm,, Hambu,g. l 96. 27 11 25 75 Do. 10 92.14 39 85 68 Do. 
11 91.40 42 92 79 Do. 
12 90.42 25 54 50 Do. 
13 Indurated ledge underlying phosphate E3. 77 1.16 2.53 23.33 Do. 
r,rnk, Ilamburg. 
Phosphatic nodules and casts.-These are sufficiently rich in phosphoric 
acid to justify their use in the manufacture of acid phosphates. They 
are fully the equal of the Charles ton phosphates in quality, and like 
the latter contain very small quantities of iron and alumina. Acid 
phosphates made from them would therefore show but little tendency 
to '' reversion." Several experiments made in the State laboratory 
have demonstrated their adaptability to the manufacture of acid phos-
phate. The results of several trials clearly indicate that acid phos-
phates containing over 14 per cent. of available phosphoric acid can 
easily be made from the best nodules and casts. 
The question of quantity is not so easily decided. Manufacturers 
have indicated their willingness to remove their works to Alabama as 
soon as they can have positive assurance of the existence of phosphates 
of such quality and in such quantities as may be required in a first-class 
fertilizer factory. Examinations in the field have been far too limited 
to justify positive assertions in regard to available quantities. Only 
the nodules can be used for the manufacture of acid phosphates. These 
are found on the surface of the ground along the shore line, where the 
matrix rock comes to the surface, entirely across the State. In many 
places they can be raked up in considerable quantities, and if in every 
neighborhood a local agent were appointed to purchase these nodules, 
a large quantity in the aggregate could be accumulated. Again, a de-
mand for these nodule would soon cause many farmers and planters 
along this belt to make full examination of their land~, and perhaps 
di co er exten ive beds which may rea onab1y be supposed to exi t. 
Another method of obtaining the nodules ha been ugge ted. The 
matrix rock containing them consi t largely of carbonate of lime-
nough, it i beli ved, to reduce the rock to powd r ( except the pho -
phatic nodule ) . burnin.,. and laking. After laking, the lime could 
be pa ed through ieves, which wonld stop the nodules. The lime 
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could possibly be utilized as a cheap fertilizer, since it would still con-
tain a considerable amount of phosphates, and thus reduced it would 
be available to plants. · Kainite might be added where potash is re-
quired. The nodules after such. treatment are said to be easily ground. 
The above plan of utilizing such rock was :first suggested by Sir John 
Bennett Lawes to Dr. Charles W. Dabney and others,of North Carolina. 
The establishment of acid phosphate works all over the State of Ala-
bama would be of great benefit to her farmers. Acid phosphates, or 
guano, whose chief constituent is acid phosphate, have been extensively 
used for some time in the south Atlantic States for growing cotton. 
Gradually their use has extended into Alabama, and to-day, with the 
exception of the '' black belt" in which the phosphates are found, every 
portion of the State annually ·consumes large quantities of commercial 
fertilizers. This rapid growth of the use of phosphates clearly estab-
lishes the want of the soil for phosphoric acid. 
With this great and growing demand for acid phosl)hates so near the 
beds; with large deposits of pyrites upon the Coosa river easily ac-
cessible for the manufacture of sulphuric acid; with railroads and 
rivers offering facilities for cheap transportation, nothing prevents the · 
immediate erection of scores of mills for the manufacture of commercial 
fertilizers, save the scarcity of the high-grade phosphates (nodules and 
casts). Effort will not be wanting in solving this vital question. Al-
.ready a car or two of these materials have been shipped to Chicago to 
determine their commercial value, and if found valuable, as doubtless 
they will be, systematic and persistent search will perhaps reveal suffi-
cient quantities. 
Greensands.-While the phosphatic nodules and casts are found in 
limited quantities, the phosphatic· greensands are simply inexhaustible. 
They form extensive beds, running from Georgia on the east to Missis-
sippi on the west. These beds cross the Cahaba, Tombigbee, Alabama, 
and Chattahoochee rivers, and are easily reached lay several lines of 
railroads; thus cheap transportation to every part of the State is af-
forded. They are superior to the New Jersey greensands, since they 
contain increased quantities of phosphoric acid. Properly utilized 
they must be a source of immense wealth to the State, and that too at 
an early day, provided transportation is made sufficiently low, so as to 
induce extensive experiments with them. Knowing what a wonderful 
transformation has been wrought in the fertility of the soils of New 
Jersey by the extensive use of greensands, it is not idle speculation to 
make the above assertions . 
. The southern or upper belt.-This belt has the same general direction 
as the one just described. It runs along the southern border of the 
'' black belt," and geologically occurs at the base of the Ripley group 
or at the summit of the Rotten Limestone group. This section of the 
Cretaceous formation is called the " hill prairies," because the topog-
raphy of the country is broken by alternations of hard and soft strata, 
21\fR--51 
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the former only remaining, giving in, many places steep and precipitous 
hills. These hard rocks contain a fair percentage of phosphoric acid;. 
here and there are found, besides, casts and nodules yielding phosphoric 
acid, in quantity and quality similar to those found in the northern 
belt. Here too we find the rock to be generally phosphatic · for some 
distance below and above the main phosphate-bearing rock. These 
beds lie south of the northern belt at a distance varying from a few to 
50 miles. They are more highly developed and are more accessible 
in the eastern part of the State than those of the northern belt, which 
is deeply covered by the Drift. These rocks are very extensive, and 
though rarely containing over 10 per cent. phosphoric acid, the aggre-
gate contents of this ingredient is very large. Their proximity to the 
Tertiary lands adjoining them on the south must prove, if properly util-
ized, of incalculable benefit to the latter. This belt has not been 
thoroughly examined, and therefore its capabilities are simply con-
jectural. However, enough is known to give it a high value for local 
use, and to arouse a hope that richer beds may yet be found ben~ath 
its jagged crest. Analyses of samples from the southern belt are ap-
pended: 
.Analyses of phosphatic material from southern belt. 
r.. 
~ ~ i dl ,.d a 0 A 
Description. ~ -~ «> Where anaJyzed. 
'"' 
0 
~ 0 ,.d <I) ,.d 




«> 0 .:l ,.d 0 z ~ 11; ~ 
1 Phosphatic shell cl\Sts, Minter station ........ 10. 72 16. 90 36. 89 State laboratory of A. ana 
2 Phosphatic shell casts, Coatopa . ........... . .. 
M. College. 
9. 38 14. 56 31. 78 Do. 
3 Phospbatic shell casts, Livingston . .......... . 11. 65 9. 92 21. 65 Do. 
~ Phosphatic shell casts, Pickensville . ...... .... 4. 21 22. 40 48. 90 Do. 
5 Siliceous limestone, Minter station ........... 42.44 1. 43 3.12 Do. 
6 White aryillaceous limestone, Coatopa .... ... . 25. 74 I 5. 01 10. 93 Do. 
7 Siliceous imestone, Moscow .................. 57. 00 I . 58 1. 26 Do. 
8 Argill:i.ceous limestone, Livingston .... ........ 25. 30 . 56 1. 22 Do. 
9 Argillaceous and siliceous limestone, Living· 53.16 . 41 . 86 Do . 
ston . 
10 .A.rgillaceous limestone, Livingston ............ 39. 52 . 50 1. 09 Do. 
11 Light-colored limestone, Livin:lston . .......... 15. 02 . 64 1. 39 Do . 
12 WhitearjZillaceous limestone, ivingston ...... 13. 30 2. 58 5. 62 Do. 
13 Glauconitic limestone. Richmond . ............ 15. 73 2. 62 5. 72 Do. 
H Siliceous limestone, Richmond . .............. . 84. 95 3. 21 7. 00 Do. 
15 ...... do._ .. .................... ... ............. 40. 16 5. 94 12. 96 Do. 
16 ...... do . ....... .... ... . . ...... ................. 89.47 8. 69 18. 97 Do. 
17 Glauconitic limestone, Minter station ...... _ .. 17. 38 . 74 1. 62 Do. 
18 Hitrd siliceous limestone, Fort Deposit . .... __ . 
1g:~~ I 29. 58 I University of Alabama. 19 iliceous limestone, tra.La. ........ ··-··· ..••.. 13.57 Do. 
20 Siliceous limestone, Olustee . .................. 41. 90 1.14 2. 49 State laboratory. 
Other occurrences of phosphates.-Other occurrences of phosphates in 
the otten Limestone belt have been mentioned by Dr. Smith in a late 
r port on the pho phate of Alabama, and the opjnion is advanced that 
h phc tic trata are to be found at intervals through the whole 
thickn f tbi rock, being more abundant at the ba e and ummit. 
Th fr 11 g are analy e , made at the State laboratory, of some ca t 
tak n from between the two belt described and overlying 
tone: 
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Analyses of casts and nodules from between the two belts. 
lnsolu ble matter ............. · ... . 
Phosphoric acid ... ............. . 
Bone phosphate ................. . 












Dr. Smith likens these phosphates, " in geological position, mode of 
occurrence, and character of material," 'to the phosphates of Cambridge-
shire, England. 
Tertiary phosphates.- Since the foregoing was written a letter from 
Dr. Smith has been published in the Montgomery .Advertiser, announc-
ing the discovery of "phosphatic material from three distinct horizons, 
namely, from Nanafalia, from Coffeeville, and from Saint Stephen's. At 
the two localities :first named the specimens are bard secular masses of 
phosphate of lime, while at Saint Stephen's the nodules are embedded 
in a phosphatic marl, which Mr. Langdon put at 12 feet in thickness, 
as exposed above the water at the time of 'his visit. The marl con-
tains a very considerable percentage of phosphoric acid. This is an 
important discovery, since it shows that our phosphatic deposits, so far 
from being confined to the Cretaceous formation, are distributed through 
at least 1,000 feet of the Tertiary strata; that is, the uppermost or Saint 
Stephen's marl is at least 1,000 feet above the Nanafalia." 
FOREIGN SOURCES. 
BY DAVID T. DAY. 
The principal production of crude phosphates in foreign countries is 
in Norway, Germany, Portugal, and England, the various guano islands 
on the South American coast, and the Canadian apatite deposits 
(described briefly on page 805). Germany sends to England .about 
50,000 tons yearly of phosphorite, which is less pure than the N orwe-
gian apatite. About 40,000 tons of native phosphorite are consumed 
yearly in Germany. Spain, and particularly Portugal, formerly shipped 
phosphorite to England to the extent of 12,000 tons yearly; in 1881 the 
product increased to 44,321 tons. The superphosphates in Belgium are 
made partly from native phosphates, but the bulk is imported. Russia 
ha8 an area of more than 30,000 square kilometers, between the Volga 
and the Desna, where there are large deposits of apatite, containing 15 
.to 20 per cent. µhosphoric acid ( =30 to 45 per cent. bone phosphate), and 
sometimes as high as 29 per cent. phosphoric acid ( =60 to 65 per cent. 
bone phosphate). The locality is traversed by railroads, but has never 
been explored for agricult11ral purposes. There are, however, some for-
eign capitalists who export a certain quantity to England. 
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Rich phosphate deposits are used for home consumption in .Austrian 
Galicia. They are found principally at Calluz, Tchowtchevka, Minko-
retz, and Liadowa. They yield from 50 to 85 per cent. bone phosphate. 
Imports.-These countries affect the United States by sharing the 
export trade to England. The numerous guano islands and Peruvian 
guano affect this country by direct imports. These imports are, how-
ever, frequently from islands controlled by the United States, and do 
not enter as ordinaFy imports. The following table shows the imports 
from these two sources as far as they have been collected by the Bureau 
of Statistics: 
Guano brought from islands, rocks, and keys appertaining to the United States, 1869 to 1884 
inclusive. 
Fiscal years ending 
June 30- Quantity. 
Long tons. 
1869 .• - - ... - - .... - - __ ... _ . 15, 622 
1870. - . - ... _ .. - . . - - . _ .. _ . . 14, 318 
1871. ----- ·-- .. . ·----·. _.. 14, 154 
' 1872. - - - -.. - . - . - . - - . • __ . . • 4, 20!! 
1873. ___ -· .... ·- .. -· ·-- _.. 11,014 
J Bi4. -.... - - - .. -- - -.. __ . _ . 6, 877 
1875 .. _ - .. ·--- ... --- .. _... 7,269 










Fiscal years ending 
.Tune30- Quantity. 
Long tons. 
1877. __ .. ___ - . _____ • __ ••• _ 6, 060 
1878·-----····· ·-········· 17,930 
1879 .•••.•...•• ~ . _ ••.• _. • . 8, 733 
1880 ..... _ .. _ ..•. _ ... __ . • . 12, 795 
1881 ..•..•• _ ••• __ ..••.. . • . 16, 883 
1882 . ••..•...•...• _. ·- ···· 15,249 
1883 . ....•••..•• - .•••...•. 7,873 










Provision is made that the introduction of guano from such islands, 
etc., shall be regulated as in the coastwise trade between different ports 
of the United States. This guano, which does not differ essentially in 
composition from other phosphates, is not included in the statement of 
imports from foreign countries which follows. it is that form of crude 
phosphate of lime which is obtained from the islands where it has been 
deposited as the excrement of sea fowl. It contains a small percent-
age of ammonia, also, which makes it advantageous to distinguish it 
by name from the crude phosphates of ordinary origin. · 
Phosphates i'rnpor_ted and entered for consumption in the United States, 1868 to 1884 in-
clusive. 
Fiscal years ending .June 30-
I Crude phosphates and 
I 
other substances used 
for fertilizing purposes. 
1---~----
Guano. 
Quantity. , Value. Quantity. I Value. 
------------1----'----
Long tons. I I Long tons. 
1868 ·· ··-·· ·····-·---·· ·--··- ····-- ·--· 
1869 · ·-···-··--·-·········· ·········-·· 
1870 · ··-······--- ·--·-·---·····-···-··· 
1871 ..•.... ······-··· ··-··· •••. ··- · ··-· 
1872 ·······-····-·· . · ··············-··· 
1873 ·· ·-········-·· ·-···· ·····-········ 
1874 ····· ··•·········•·•••• ·-···- ···--· 
1875 ········· ···· ···· ··-··-···· ·- ······ 
1876 ..•.... ·•···· ········•······· ·•··•· 
1877 .. •.....•.. ····-····-·· ·•·····•···· 
1878 ··· ··· ······· ······················ 
1879 .. •........ ····· · ··-······-·· ······ 
1880 . ............ ··· ·· ················· 
1881 . .......... ····· • ····· ······ . .... . 
!::::::::::::::::::::::::::::::::::: 
99, 668 $1, 336, 761 ......... _.... $88, 864 
13,480 217,004 . . . . . . . . . . . . . . 61,529 
47, 747 .1, 414, 872 . .. . . . . . . . . . . . 90,817 
94,344 3,813,914 ······-··-···· 165,708 
15. 279 423, 322 ... _.. . . . . . . . . 88, 842 
6, 755 I 167, 711 . • • . . . . . . . . . . . 218, 110 
10, 76i 261, 085 . . . . . . . . . . . . . . 243, 467 
23, 925 589, 808 . • . . . . . . . . . . . . 212, 118 
19, 384 710, 135 . . . . . . . . . . . . . . 164, 849 
25, 580 873, 459 1.............. 195, 875 
23, 122 849, 607 ....... . .. _. . . 285, 089 
17,704 634,546 . . . . . . . . . . . . . . 223,283 
8,619 108,733 . . . . . . . . . . . . . . 817,068 
23, 452 I 399, 552 1. .. . . . . . . . • . . . 918, 835 
46, 699 854, 463 183, 955. 50 1, 437, 442 
25, 187 537, 080 96, 585. 86 1 79 '116 
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PHOSPHORUS FROM IRON SLAG. 
Nearly all grades of iron ores contain traces of phosphorus which it is 
necessary to remove in making good iron ; after this removal the phos-
phorus is found in the form of phosphates in the slag. In 1882, G. 
Rocour, of Luttich, Germany, proposed to obtain phosphoric acid from 
blast-furnace slag, for use in fertilizers, by fusing the slag in a reducing 
furnace so as to obtain a metallic mass rich in phosphides; these yield 
phosphureted hydrogen on treatment with sulphuric acid, and this is 
converted into phosphoric acid by simple means. In 1883 the method 
was modified by heating the slag in a reducing furnace and fusing the 
result with 3 to 7 parts of anhydrous sodium sulphate to 1 of phosphorus. 
By this process the greater part of the phosphorus is converted into 
sodium phosphate, which is then dissolved out in water. The insoluble 
l'esidue contains the calcium, iron, and mang·anese of the slag, and 
after all the phosphorus has been extracted by a second fusion it is 
smelted for the iron. Another process, patented by C. Scheibler in 
1884, appears more practicable and has just come into use on the large 
scale in Schalke and Stolberg. The slag, which must be highly basic, 
is roasted in a Siemens furnace, and then treated with steam, by which 
the ltme in the slag is slaked, reducing the whole to an impalpable pow-
der. By stirring with water the lime is removed as milk of lime, while 
the heavier phosphates sink and are afterwards treated with just enough 
hydrochloric acid to combine with the earths in combination with silicic 
and phosphoric acids. By carefully regulating the dilution of the hydro-
chloric acid it is possible in a few minutes to obtain a solution of phos-
phoric and silicic acids containing only small quantities of iron and 
manganese compounds. By fractional precipitation, with the lime 
water prepared in the first pa.rt of the process, calcium bi-phosphate is 
obtained containing 35 to 37 per cent. phosphoric acid. It seems prob-
able that this source of phosphorus will be profitable. Eleven patents 
have been taken out in the United States for Jitilizing the phosphorus 
in slag, but it is not known that any are in actual use. 
APATITE. 
The beds of apatite irregularly distributed through the New England 
States were formerly mined for making superphosphates. Since the 
development of the South Carolina phosphate rock native apatite has 
not been mined. The Canadian deposits continue to furnish all of this 
mineral used in the United States. 
There are ·two districts in Canada which contain deposits of economic 
value. One of these is in the province of Ontario, and includes parts 
of the counties of Lanark, Leeds, and Frontenac; while the other is in 
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the province of Quebec, chiefly in Ottawa county. Tbe mines of the 
north Ottawa phosphate region are on the Riviere aux Lievres, about 
18 miles above Buckingham, a station on the Canadian Pacific railroad, 
east of Ottawa. The mineral occurs here in veins which vary in thick-
ness from 2 to 30 feet, and is found in both massive and crystalline 
forms. The deposit is about 8 miles long and nearly as wide, running 
northeast through Templeton, Wakefield, Portland, and Buckingham 
townships. In this region the Lievre Phosphate Company has land fol-
lowing the Lievre river, and reports apatite also in Bowman township. 
Other mines are those of the Dominion Phosphate Company; Mr. Al-
len's Little Rapids mine in Portland East; the Union Phosphate Com-
pany's mine, and the Emerald mine at High Rock. All these com-
panies are actively engaged in mining apatite. In the Ontario region 
mining is active at Otter lake, near the town of Perth, Lanark county. 
The apatite is found in well-defined veins or lodes, 3 to. 8 feet wide, 
occasionally cropping out on the surface, and extending to an unknown 
depth. One thousand eight hundred and twenty-two acres have been re-
. served for mining; part of this (639 acres) is freehold property, the re-
mainder being mineral concessions held under mineral rights from the 
government of the Dominion of Canada in perpetuity. Three hundred 
prospect shafts, varying in depth from a few feet to 100 feet, have been 
sunk in various parts of the field; the veins are.found to increase in width 
with the depth. At the bottom of the deepest shaft the vein was 8 feet 
wide. 
Apatite consists of tri-calcium phosphate, together with varying 
amounts of calcium chloride and calcium fluoride; its value for super-
phosphates depends not only upon the percentage of phosphoric acid, 
but also upon the amount of calcium fluoride, because of the injurious 
hydrofluoric acid to which this substance gives rise on treatment with 
sulphuric acid. Canadian apatite is of a very high grade, as will appear 
from the following comparison with European apatites, and is one of 
the valuable mineral resources of the Dominion : 






1- ------------ - ---
~~f ~TIE!HH?C\II 
Ottawa (mean of seven analyses} .••..••••• _ 










The total amount mined since 1878 is given below: 
Production of Canadian -apatite from 1878 to 1884 inclusive. 
Years. 
1878 . ..........••.•.••••..•••..••...•.•••.•.... 
18i9 ...........••... ......•• ...•..•..... . ... : .. 
1880 ...........•.....•...•....•....••...... · · · · 
1881. ......................................... . 
1882 .......................................... . 
~883 .. ............... ······ ·••······•·•········ 










It is evident that the industry is increasing rapidly. The outpµt for 
1884 would have been greater except that very wet weather stopped the 
transportation from the mines to Montreal in October. About 2,500 tons 
were therefore collected at the mines, and not included in the above state-
ment. The cost of mining is about $5 or $6 per ton. The selling price 
is uot proportional to the percentage; that is to say, is not constant per 
uuit of bone phosphate, but the unit value increases with the percent-
age. Thus, 45 to 50 per cent. apatite has a, unit value of 17 cents, but 
guaranteed 85 per cent. is worth 35 cents pf r unit or $30 per ton. 
The larger portion of the apatite mined in Canada is shipped to Eng-
land, where the amount received is ·greater than from any other source 
of phosphates, except the South Carolina phosphates and the guano 
islands. Some is also shipped to the Continent, and a small quantity is 
imported into the United States for use in the New England superphos-
phate works. The following table gives the disposition of the yield of 
1884: 
Shipments of apatite f1·om Canada in 1884. 
To-
Liverpool ... . .................. . .. .. ......... . 
London .. . ....... .... ........................ . 
, Glasgow .. ... . ............................... . 
: if ~~!rr~ : :· _-: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Dublin . .. .. . ................................. . 
I Penarth, for orders ........... .. ..•. _ .. _ .. __ .. 
i i~fst;f1c¼~~ii~i ::::::::: :: ::~:-.-. · ::::: :::::::: 
I United States ..................... . .......... . 
I 
Consumed in Canada .. ...... . ..... ... ....... . 













22, 103 1 
The only rival of Canadian apatite in the English market is that 
from Norway, which is very pure. but occurs in very narrow veins, and 
-only 700 tons are exported each year. 
No deposits of apatite of any economic value are reported to have 
been discovered in the United States during the years 1883 · and 1884. 
A. specimen of apatite from near Amelia Court Honse, Virginia, where 
the mineral _occurs sparingly in association with mica, :fluorspar, beryl, 
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etc., in a coarse granite, contains, according to an analysis by Mr. H. 
Rowan: 
I f,~~i;;,;;:::::::::: :::::::: :::::::::: :: :: :: 
Phosphoric oxide ............ .........•. ---- --
Fluorine .. _ ...•.................••... . ..•..... 
Chlorine . .................................... . 








. 81 I 
• 63 I 
100. 1, I 
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MARLS. 
BY F. A. WILBER. 
In the "Mineral Resources of the United States, 1882," pages 522 
to 524, will be found as complete a list of the localities in the eastern 
division where marl occurs as ~ould then be given. There have been 
few developments of new localities since that report was prepared. The 
only deposits of importance opened during this time have been those 
of the phosphatic marls of Alabama. These have been reported on by 
Prof. E. A. Smith, State geologist, and, although still unde"."eloped, are 
reported to be very valuable. The marl is said to contain an unusual 
percentage of phosphoric acid. Prof. W. C. Stubbs bas described 
these deposits on page 794 et seq. of this volume. 
The only other notices of beds of marl recently opened are from the 
regions named in the report mentioned abpve. None of them are of 
sufficient importance to dem!:tnd particular mention. 
The use of marls as fertilizers bas greatly diminished in New Jersey, 
which is the only State in which marls are employed for t~is purpose 
to any extent. The increased use throughout the State of commercial 
fertilizers bas been accompanied by a corresponding diminution in the 
amount of marl dug and used, even in the marl districts. Much less 
has been shipped to the surrounding regions. Competent authorities 
report that the amount used in the State during 1883 fell considerably 
below the amount reported for 1882 (1,080,000 short tons, valued at 
$540,000 at the pits). It i estimated that 10 per cent. less (or 972,000 
hort ton ) were mined in New Jersey in 1883; and that a further fall-
ing off reduced the amount mined in 1884 to about 875,000 short tons. 
The e e ti mates are confe sedly rough, since no actual stati tic of pro-
duction can be given for the State; nor can the amounts used in any of the 
oth r tate which have depo it be obtained, owing to the large num-
b -'r f cattered depo it which are worked in a desultory manner. 
The fa ·t hat many of these marls contain potassium alt , ome-
time · · to 4 p r cent., ha perhaps not received the attention which it 




BY F. A. WILBER. 
Eastern division.-There are no additions to be made to the list of 
localities in which gypsum occurs, given in the" Mineral Resources of the 
United States, 1882," pages 526 and 527. The localities there mentioned 
are in the States of Michigan, Ohio, New York, Virginia, Alabama, 
Louisiana, Texas, Arkansas, Iowa, and Kansas. 
The only States producing any large amounts of gypsum are Michigan ~ 
and Ohio. In addition to that manufactured in these States, from min-
erals mined in them, a large quantity of stone is imported from Nova 
Scotia, which is ground and distributed among the States on the At-
lantic seaboard. Mr. Henry S. Sproull, commercial editor of the Real 
Estate Record and Gitide, of New York City, makes the following state- . 
ment in regard to the amount of gypsum passing through the P?rt of 
New York during 1883 and 1884: "The production of plaister in the At-
lantic States (Maine to Virginia) in 1883 amounted to an aggregate of 
130,000 tons of 2,240 pounds each, about 95 per cent. passing through 
the hands of operators in this city, from whom my information is derived. 
The above total has varied very slightly for two or three years; but 
is probably 10,000 tons in excess of that of 1880 and 1881. Its division 
is about 60,000 tons calcined and barreled for regular trade consumption, 
and the balance is simply ground and distributed for fertilizing pur-
poses. The receipts of stone are entirely from Nova Scotia. The esti-
mated production of plaster for the Atlantic States during 1884 is 
115,000 long tons, exclusive of the Maine product, the local manufact-
urers still handling about 95·per cent. of the amount. The division of 
the product is about 60,000 tons for fertilizing purposes and 55,000 tons 
calcined and barreled for trade use. The shrinkage as compared with 
1883 is entirely in the calcined product, which has lost ground as a fire-
proofing material consequeut upon the introduction of fireclay brick as 
a competitor. The weight of a barrel of plaster is 250 pounds net. 
The average price per barrel in 1883 was $1.32½, and in 1884 $1.25. 
The average price of Nova Scotia gypsum laid down at New York in 
1883 was $3.25 and in 1884 $2.85 per long ton. The points in the United 
States where Nova Scotia stone is ground and calcined are New York 
City: Newburg (New York), and Newark (New Jersey); and constitute 
the local manufacturing interest above referred to. A small amount 
of domestic quarried stone, estimated at 10,000 tons annually, is burned 
and ground i11 Maine." 
According to the report of the inspector of mines the production of 
gypsum in Nova Scotia in 1883. was 144,668 long tons. In 1882 the 
production of gypsum in Great Britain was 101,87~ long tons, valued 
at £58,145; in 1883 it was 99,551 long tons, valued at £43,215. 
The following table gives the quantities and average values of the 
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total imports of gypsum imported into the United States during the 
period from 1877 to 1884, through the port of New York, a~d the aver-
age price of calcined plaster during the same periQd : 
.Amount3 of unground gypsum entered at the port of New York during the years 18i7 t(I 
18t!4 inclusive, and average prices per ton January l; also price of calcined plaster per 
bar1·el. 
Years. 
1877----·- ------ ------ ---· -· ••••• •.••••• ····· - -·-. 
1 1878 ... ___ .. _ ••..•••• _ .••••.•.••. _ .•.••.•••••••• _ . 
1879 ...•.. ·-···- ··---· ·-··-· ····-- •••••. ·-··-· --·-
1880 .. ____ ··•••• .••••• ·••••·••••• · •••••..••••.. ·-· 
1881. ...•.. - - • _ ..•••••.•••.•.••• _ ..• ____ .•.• __ . _ .. 
1882 . . _ . .. ·-·· · · · ---·· ..•••. ·--··· -····· ···-·· .... 
1883 ........•..•.••••• ··········-- ···· -· ··-··· ·-·· 
1884 ...... ··-··· ···- ·- ····-· .•.•.. ·--·· · ·--····· .. 
Tons. 
48, 83 3 
42, 57 5 
44, 03 1 
60, 95 2 
60, 23 6 
77,46 3 
104, 54 2 
99, 14 4 
White lump, Blue lump, 
per ton. per ton. 
$3 00 $2 75to 3 00 
3 00 2 75to2 80 
2 80 2 75 
3 25to 3 50 3 00to3 25 
3 00to3 25 2 75to3 00 
3 75 to4 00 3 00 to 3 25 
3 00 3 ooto 3 25 




$1 25 to 1 50 
l 15to I 25 
1 00 to 1 15 
1 OOto 1 15 
1 20 to 1 25 
1 30 to 1 40 
1 30 to 1 35 
1 30 to 1 35 
During the same period there were exported from the port of New 
York packages of calcined plaster as follows: 
Exports of plaster from the port of New York, 1877 to 1884 inclusive. 




__ v_a1_1_1e_. _1, ____ Y_e_a.r_s_. ---I _P_ac_k_a~_e_s._
1 
__ v_a1_ue_._ 
18i7 ...... ·--···-··· ··-··· 
1878 ..... ·-· ··· -.••. ···•·· 
1879 . .. ... ~ .. __ .. _ . •... __ . 









1881. ••...•..••..••. ···-·. 
1882. -··· · -······· ·· ·-·--· 
]883._ ••.•••.. ·--···-·. -·. 









There has been a slight falling off in the general trade in New York 
dming 1884, the greatest loss qeing in the output for fireproofing pur-
poses. Prices did fairly well and were tolerably firm until toward fall, 
when a decline in all grades took place. ~he export trade was fully as 
good as usual. The trade in lump plaster at this point was lighter than 
in former years, less going to local manufacturers and more up the 
Hudson river. The use of plaster for fertilizing purposes bas been 
greater than during 1883. 
The production of Michigan is given in the following tables: 
.Amount of land plaster and calcined plaster produced in Michigan. 
Yeara. 
Land plas· Stucco, 
ter, short barrels of Years. 
tons. 300 pounds. 
Land plaater, previous to 
1866 .. - ..• - .. _. ... ...... 100,000 m~ :::::::::::::::::::::: i~:m 
Stucco, previous to 1868 . . . . . . . . . 
1875 ..•. . ····-· .... ·--··· 
··--········ 1876 . . -······ ... -·· ·---· · 
··--·· ···-·· 1877 ··-···-···· .....••••. 
·--·-· .... .. 1878 .... ··•· •· · ··-··· .•. . 
a80,000 1879 .·-·-···· ·····-· · ···· 
34,966 I 1880 ..•.. .•.• -•••••••••-• 
41,187 188!. .·-···-···-····-····· 
46, 179 1882 ...... - - - ........... · 
48,685 ; 1883 5At Grand Rapids .. 59,767 ·~In Iosco County ... 
Land pla,s. Stucco, 
ter, short barrels of 
tons. 300 pounds. 
2:7, 019 61,120 
a39, 131 64,386 





37,821 135, 16.'.> 
53,930 ]38, 600 
b6, 152 b20, 500 t[H\H/(/ ~ffl 82, 453 1-----1--82, 449 Total.. •. ·-·· •..•.. 761,532 1,268,420 
a Partly estimated. 
b Tb total amount produced in Iosco county for 1883 was 9 227 tons. The exact division of this 
amount bet-ween land plaater and stucco is not "known, but is estimated as above by Mr. bWlll~ford. 
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Amount of land plaste1· and calcined plaster produced by the several plaste1· co1npanies in 
Michigan during the years stated. 
. 
Land plaster, short tons. Stucco, barrels of 300 pounds. 
I 
1879. 1880. 1881. 1882. 1880. 1881. 1882. 
------------------
Godfrelt & Brother (a) . .............. 9,117 9,000 6,422 6,080 23,000 27,500 30,274 
Grand apids PlasterCompany(a) .. 8,970 12,000 6,375 7,512 23,500 20,400 32,854 
George H. White & Co. (a) ..... ..... 1,900 ·--··-- · ·--··-··' -------· ·----·---· ---------· ·······-· · Wyoming Mills Company (b) ...••••• 7,000 10, 000 6,093 6,901 ---·------ ·----·---- 9,643 
Union Mills Company tb} ...•••• •• ••. 4,500 7,500 6,716 8,298 35,000 34,913 23,074 
Taylor ¢l- McRingolds (b) ............. 10,585 9,570 6,572 6,037 24,504 30,000 27,993 
Smith, Bullard & Co. (e) .• •• ••••.••• . 1,586 1,500 1,000 2. 993 ---------- ---·-·---· 11,817 -------------------
Total ...................•...... 43,658 49,570 ' 33, 178 37,821 106,004 112,813 135, 6,55 
ct Quarry at Grand Rapids. b Quarry at Grandville. e Quarry at Alabaster. 
In 1883 the several manufacturers in Michigan produced plaster as 
follows: 
Grand Rapids Plaster Company ......•. .... 
F. Godfrey & Brother ............•......... 
Noble & Co ... .. ...... ..•.. ... ........... .. 
Union Mills Plaster Company ........... ... . 
Loren Day ..............•................•. 
Alabastine Company ....... .............•.. 











This total includes both land plaster and stucco. All the above 
manufacturers are located at Grand Rapids and vicinity, except B. F. 
Smith (East Tawas, Iosco county). The product of the Grand Rapids 
companies is divided as follows: 
Stucco (barrels of 300 pounds). - .•... -.......... - . . • • • • • . . . • • • . . • . . . . • • . . . . . . • . . . . 138, 600 
Land plaster (to:ns) ... '....................................................... .. . . . . 34, 130 
Total tons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 930 
The production of Ohio is given by Mr. George A. Marsh, of Marsh 
& Co., Sandusky. This firm is the only one manufacturing plaster in 
that State. The works are at Sandusky and Gypsum, and the quarries 
are at Gypsum. 
Production of st·ucco and land plaster in Ohfo. 
Stucco. Land plaster. 
Yean. 
Ayemge Ayerage 
Barrels. Total Short Total pnceper value. tons. pnca per value. barreL ton. ___ , 
1881 •••• •••.••••.•••••......••. . •.... •••••• 12,409 $1 55 $19,234 3,705 $4 35 $16,117 
1882 ..•........ .•...•...... ......... ... .... 16, ass 1 46 24,656 4,404 4 33 19,069 
1883 ....................................... 20, 919 1 41 29,496 4,678 4 15 19,414 
1884 ..••••••••.•••.••••••.••.•..•••.••..••. a20, 307 1 38 28,024. 4,217 4 09 17,248 
es~~~~j~ amount, 16,907 barrels were made up to October 15; the remainder, 3,400 barrels, being 
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Rocky Mountain division.-In "Mineral Resources of the United 
States, 1882,"pages 528 and 529, will be found mention of the localities in 
Colorado, Montana, and New Mexico containing deposits of gypsum. 
No additions to the localities mentioned there have been reported 
during 1884. This mineral occurs abundantly in Utah. Deposits are 
found near Cedar City, in Iron county; at Salt Creek, or.Nephi, Juab 
county; at White Mountain station, 12 miles southwest of Fillmore, 
Beaver county, and on the Muddy, in San Pete county. No develop-
ment of any of these deposits is reported. In Dakota, according to 
Mr. F. F. Chisolm, "gypsum occurs all around. the Black Hills in lim-
ited beds, and some plaster-of-paris is made at Spearfish, Crook City, 
Sturgis, and Rapid City, from the beds near each place. At Rapid 
City the amount manufactured in 1884 was about 15,000 pounds. No 
plaster-of-paris is used in the Black Hills except that manufactured 
there. 
Plaster-of-paris made by the mill at Colorado Springs, Colorado, during the years 1879 





· 1879. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . • • • . • . . . . . . 3, 000 300, 000 
1880....................................................................... 8,100 810,000 
1881...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 600 !!60, 000 
1882 .....................................................•................. 10,350 1,035,000 
1883 ...................................................... -- .. ........... '" 11,336 1,133, 600 
1884............................................................... . . . . . . . . 8, 506 850, 600 
1----1----
Total for six years ............... :.................................. 50,892 5,089,200 
''The markets of New Mexico, Colorado, and Wyoming are largely 
supplied with plaster from these works. The capacity of the mill is 
three times as great as the supply needed in Colorado. The demand 
in 1884 was considerably less than that in 1883. The average price 
charged for this plaster at the mill is 85 cents per 100 pounds, but the 
amount manufactured in excess of the demand is estimated to be worth 
less than 10 cents per sack. In addition to plaster.of-paris this com-
pany, which is now styled the Colorado Stucco and Cement Company, 
also manufactured, in 1884, 42,000 pounds of ground gypsum." 
Pacific division.-Since the publication of the last report very exten-
sive and apparently valuable beds of gypsum have been discovered in 
California. The greater part of these beds are located on the Casmalia 
rancho, in Santa Barbara county, and, being in close proximity to the 
Morito chute (a coa t landing) and other landings, can be delivered in 
San Franci, co and at other ports on the coa t at small cost. These de· 
po it , which are of the white or Nova Scotia variety, are repre ented 
t be o exteo ive that they cannot for a long time be exhau ted or 
eT" n n ibly depleted by any drafts likely to be made upon them. 
Further discoverie of gypsum have been made of late in Los Angeles 
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county and other parts of California, warranting the inference that 
there will be no deficiency of this m_ineral in that State, although future 
requirements will probably be large. Its utility as an aid to agriculture 
in the arid regions west of the Rocky Mountains having become fully 
apparent, its employment for such purposes must ultimately reach large 
proportions. . 
The other California localities where this mineral is known to occur 
in notable quantities are the following: along the Truckee pass, Ne-
vada county; near Hill's Ferry, Stanislaus county; on Posa creek, 
Kern county; in the mountains of the Arroyo Grande, San Luis Obispo 
county; along 0ariso creek, San Diego county; and at different places 
in Monterey, Ventura, and Tulare counties. 
The varieties of gypsuw known as alabaster, selenite, and satin spar 
are founcl. in many places in California; the former abundantly at Arroyo 
Grande, San Luis Obispo county, and at Point Sal, in Santa Barbara 
county; selenite in large slabs at Soledad canon, Los Angeles county; 
near Dos Palmas station on the Southern Pacific railroad, San Diego 
county; on Robinson's ranch, Lake county; in the San Emigdio an-
timony mine, Kern county; and near the town of Gilroy, Santa Clara 
county. Satin spar occurs plentifully on the Casmalia lands; also at 
White river, Tulare county; in tlrn Calico district in San Bernardino 
county, and elsewhere in the State. 
Besides the land plaster now beginning to be applied quite freely in 
California, a good deal is used in the arts and for building purposes, as 
is shown by the following tables of imports at San Francisco during 
the past ten years, imports for the last months of 1884 being estimated: 
Imports of plast~r at San Francisco. 
Years. 
1875 .... . : . ····-· ...... ····· · ........... . 
1876 . .......... ··-··· .••.......• . ... ... .. 
1877 ....... ·····- ............ .•••.. ...... 
1878 . ........ ··-··· ••••...•.. . ..•... . · .. · 
1879 ....... ························ ······ 
Barrels. Years. 
22,782 1880 . ••.•. .- .•........•.....•..••••••.... 
14,918 1881 .• •. ..... : ....... · · ···· ··· ·········· 
14, 487 1882 .••••..........•.................... 
11,038 1883 ... .. .••........•.................•. 







The diminished importation of plaster during late years has been due 
to the establishment of mills in the State for grinding the gypsum and 
preparing portions of it for building purposes or manufacturing it into 
plaster.of-paris, an industry largely carried on at the works of Lucas & 
Co., in San Francisco, the raw material used by this firm being obtained 
from the 0asmalia rancho, above mentioned. Plaster sells in San Pran-
cisco at about the following rates, wholesale: Common, $2.75; casting, 
$3; superfine, $4.50, per barrel. 
The deposits in Nevada and Arizona were noticed in "Mineral Re-
sources, 1882," pages 529 and 530. Nothing further is reported for 1884. 
" 
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Gypsum imp01·ted and entered for consumption in the United States, 1867 to 1884 inclusive. 
LLong tons and hundredweights, of 2,240 and 112 pounds respectively.) 




Fiscal years ending .June 30-
Quantity. Value. Quantity. Value. 
Tom. 
1867 ............................... ······~----· 
1868 .......................................... . 
1869 ............................. . ........... .. 
1870 .......................................... . 
1871. ............................ . ........... .. 
1872 .......................................... . 
~m::::::::::::::::::::::::::::::::::::::::::: 
1875 . ......................................... . 
1876 . ........................ .. ............... . 
1877 ....... . ................................. .. 
1878 .......................................... . 
1879 .. ............... . ........................ . 
1880. '. ........................................ . 
1881. ....................................... . . . 
1882....... .. .. .. . •• .. . . .. .. . . • .. • . 5, 737. 14 
1883.. .... • ...... .• . • •• . .. .. . ... . .. 4,201.34 




















··i;i5s: ssi· ··iso; sii~- ···· .. · ····· 
2, 740, 785 133,430 $844 
2, 144, 733 100, 416 i, 432 
2, 008, 010 88, 256 1, 292 
1, 906, 787 99, 902 2, 553 
2, 378, 520 122, 495 7, 336 
2, 474, 350 130, 172 4, 319 
1, 875, 440 115, 664 3, 277 
2, 794, 263 127, 084 4, 398 
1, 953, 120 105, 629 7, 843 
1, 784, 774 100, 102 6, 989 
1,939,259 99,027 8,176 
2. 406, 540 120, 642 12, 693 
2, 572, 140 128, 107 18, 702 
2,567,740 127,067 20,377 
3,157,020 152,982 21,869 
3,326, 200 168, 000 (a) 




















.Alabaster and spar ornaments imported and entered for consumption in the United States, 
1867 to 1884 inclusive. 
Fiscal yea.rs ending .June 30-
1867 ..... ............................... . 
1868 .................................... . 
1869 ................................... .. 
1870 .................................... . 
1871. ................................... . 
1872 .................................... . 
1873 ..... ....... ............. ........... . 
1874 . ........................ . .......... . 











Fiscal years ending .June 30-
1876 ................................... . 
1877 ................................... . 
1878 ............................ ••··••· 
1879 ................................... . 
1880 ................................... . 
1881. .................................. . 
1882 ................................... . 
1883 ................................... . 











Uses.-The mineral is used in two different forms of preparation: (1) 
as land or ground plaster, unburned; (2) as plaster·of.paris or stucco, 
• ground ·and burned. There is also a small amount of the massive min-
eral used for the manufacture of ornamental articles, which are turned 
from it. The mineral is usually however too soft and friable to be val-
uable for such purposes. 
Land plaster has among others the following applications, of which 
its largest u e is an agricultural one: Manufacturers of artificial fer-
tilizers consume large amounts of it in weighting their products, while 
it absorbent properties enab]e them by its use to improve the mechan-
ical condition of the other constituents of the fertilizers. It i also 
largely u ed a an adulterating material for the cheaper grades of flour, 
for col ring materials under the name of terra alba (see "Mineral 
Paint "1, and for various ch mical preparations. It bas ome use in 
th manufactur f ammonium ulphate from ammonium carbonate, 
and it i mploy d a a cement for repairing. 
la t r. f.pari i mied for a great variety of purpo es. Among nu-
m r u other the following are mentioned: It i used as a :filling for 
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.fireproofing purposes; and as the material for making molds in the 
manufacture of many articles. Potters make the molds for their 
white and porcelain ware from it, and makers of terracotta employ it 
for a similar purpose. The molds used in making elbows, curves, etc., 
in the sewer-pipe manufacture are made from it. It is used for taking 
. casts of natural objects and works of art, for sculptors' models, lay fig-
ures, etc. Surgeons employ it to confine the parts of a broken limb, 
and dentists to take casts of the mouth for false teeth. It is largely 
used in plastering walls and ceilings; as an ingredient in alabastine, 
which is a preparation for finishing interior house walls; and in making 
cornices and other work of interior house decoration. It is one of the 
ingredients of blackboard crayons; it is used as a cement in various 
manufactures; and1 mixed with infusorial earth, as an absorbent for 
drying purposes. It is sometimes used by miners and qua,rrymen as a 
material for tamping blasts, and for this use its great advantage is that 
no tamping bar is needed and consequently there is little danger of pre-
mature explosions. It is added, in small quantities, to light wines in 
order to retard fermentation and prevent them from becoming acid; 
and is also added to strong wines to absorb the water that they contain 
and thus increase the amount of alcohol in them. 
MANUFACTURED FERTILIZERS. 
BY DAVID T. DAY. 
Gharacter.-Fertilizers include those substances which are added to 
the soil to supply some needed constituent, and also those substances 
added for the purpose of rendering available some constituent already 
present in the soil; that is, bring it into such a condition that it may be 
assimilated by plants. The number of' substances which thus come 
under the name of fertilizers is almost indefinitely great, for it has be-
come proverbial that when the products of' any industry have passed 
their last stage of usefulness in the various applications of which they 
are capable they are finalJy returned to the earth, "used as fertilizers." 
All these substances are commonly grouped in classes according to the 
constituent which they are intended to supply to the soil or render / 
available for plants. Nitrogen in the form of ammonium salts, nitrog-
enous organic matter or nitrates, phosphorus, as salts of phosphoric 
acid, and salts of potassium and calcium, are the chief substances 
which must be returned to the earth in place of what is taken out by 
growing plants. Lime, sodium sulphate, and sodium carbonate are 
among the important substances used to convert potassium salts and 
certain other constituents into an available form. 
The sources of phosphorus have been stated in connection with phos-
phate rock. Bones are also used as a source of phosphorus and nitro-
gen. They contain ordinarily from 40 to 55 per cent. tri-calcium phos-
phate and 5 to 7 per cent. ammonia. 
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Sources o.f nitrogen.-A large part of the' " sulphate of ammonia" of 
commerce is used to furnish nitrogen to the soil. It is made largely 
from the ammoniacal liquor of the gas works; The production of this 
substance is increasing rapidly, but in many places the ammoniacal 
liquor is still allowed to go to waste. Sodium nitrate or "Chili salt-
peter" is imported for use as a fertilizer, as well as for the manufacture 
of sulphuric acid. It also occurs on the Pacific coast of the United 
States. A large portion of the nitrogen in fertilizers is introduced in 
the form. of nitrogenous organic matter. The variety of forms in which 
this occurs as various waste products is one reason for the great num-
·ber of substances called fertilizers. Dried blood, tankage, "azotin," 
cracklings, "nitrogen A. A.," etc., are some of the forms obtained from 
slaughter houses and associated factories. Fish, beef, or pork "scrap" 
is the name given to the bodies of animals from which the oily or fatty 
portion has been removed for making soap. This scrap is used in large 
quantities for fertilizers. Dried fish is another much-used source of 
ammonia. Castor pomace, linseed cake, cottonseed meal, etc., from the 
oil mills; hoof and horn shavings, hair, leather scrap, and wool waste 
from the tanneries, wool, and other factories, contain nitrogen in con-
siderable amounts, but it is very differently available. Cottonseed 
meal, tankage, blood, dried fish, and similar substances yield their 
nitrogen to plants quite easily, but leather scrap, wool waste, and 
"shoddy" give up their nitrogen only very slowly, and hence have a 
very low agricultural value. All of these substances are valued ac-
cording to the amount of nitrogen contained .or its equivalent in am-
monia. 
Sources of potassium.-The potassium which is added to American 
soil is at present procured entirely outside of this country. 'l'he de-
posits of kainite at Stassfurt, Germany, and Kalusz in Galicia, are the 
most important sources of potassium. This kainite is a mixture of the 
sulphates of potassium and magnesium and chloride of magnesium. 
Where it is found in purest condition the substance has such a constant 
composition that it may be represented by the formula K2S04+MgSO. 
+MgCl2+6H20, The crude mineral as obtained from the mines is 
shipped for use as a fertilizer without purification. In this form it con-
tains such impurities as sodium chloride, calcium sulphate, etc., as indi· 
cated by the following analyses: 
Average cornposition of crude kainite froni Kal1isz, Galicia. 
No. 1. • No. 2. I 
Percent. 
:Potassium sulphate . ............... 20. 3 
Ma~esium sulphate ......... .. _.. 14. 2 
Magzh,sium chloride . ..... .. _. ..... 11. 1 
Sodium chloride·---·· ______ ... .... 27. 2 
Calcium sulphate .. ___ ._ .. __ .. _ ... _ 2. 8 
Insoluble (clay,sandl.----·--···--· 9.2 







21: ~ I 
9. 8 
17. 3 
100. o I 
MANUFACTURED :FERTILIZERS. 817 
The kairiite import<ed into the United States contains a higher per-
centage of potassium sulphate, _due to careful selection. It is usually 
sold with a guarantee that it will yield 24 per cent. potassium sulphate. 
The following is an average sample: 
Analysis of kainite imported as a fl:!rtilizcr. 
Potassium sulphate .......••.....•........... 
~:1~::i~: :w1i1rnte:::::: :::::.-: :::::: :::::: 
Sodium chloride ................•....•........ 
Water ................•......... . ............ 









The only method of purification of this substance before use as a fer-
tilizer is that it is sometimes washed with water, thus partially remov· 
ing the very soluble magnesium chloride, which is generally regarded 
as an objectionable substance in fertilizers. The imports of kainite 
during the. fiscal years 1881, 1882, and 1883 made up nearly the whole 
of the following table, that from countries other than Germany being 
chiefly reshipments: 
Values of fertiUzers ( not elsewhere enumerated) imported free of duty into the United States 
during the fiscal years 1881, 1882, and 1883. 
---·-- . 
Countries from which 1881. 1882. 1883. Customs districts into 1881. 1882. 1883. imported. which imported. 
--- -----
Germany .•••........ $553, 176 $637,611 $616,067 Baltimore ...•........ $197,473 $275,653 $176,790 
EnY:land ............. 185,600 574,837 135, 5GO Boston ............... 27 15,596 132 
Ire and ........• ..... 105,016 27,290 ···fi;i1E· New Orleans . ........ 5,337 13,128 18,274 Canada .............. 44,514 20,580 New York ........... 269,124 394,247 206,669 
British West Indies . 16,826 69,239 25,088 Philadelphia ......... 44,136 85,690 81,528 
France ......... ..... 9, 64.0 25,307 682 Lakeports ......•... . 42,607 15,378 4,066 
All other countries .. 205 70,273 lG, 327 All other customs dis. 
--------- tricts ..•••...•..••. 356,273 625,445 313,016 
Total .......•.. 914,977 1,425,137 800,475 
Total ....••..••. 914,977 1,425,137 800,475 
The above table also includes a considerable amount of potassium 
chloride or '' muriate of potash," which is imported from Stassfurt. 
It does not include the "agricultural salt," of which the following 
amounts have been imported: 
Im,ports of "agricultural salt" (containing 30 per cent. or over of potash), 1869 to 1883 
inclusive. . 
Fiscal years ending June 30-
1869 .•••••.•••.••..•••.••.•••.•• ·••·•·•· 
1870 .•••••••••.••...•..••..••..••••.•••• 
1871. ••.....•..•••••.••.•••••••••••••••. 
1874 .••.•••..••. .••.••••...•..•• ••.•. •• 








Fiscal years ending June 80-
1879 .•..••••• ~ •.••••••.•••••.••......... 
1880 .••••••••••• ·••••••••• .•••••.••..••. 
1881. ••.•••..••.•••••••.•••••••••.•••••. 
1882 .••..••..••.•••••••••••.•••.•••••••. 
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Lime and marl and gypsum or land plaster a.re added to soil not 
only to restore the calcium salts removed by plants, but as valuable 
aids in rendering other conitituents, such as potassium salts, available 
to plants. Sodium sulphate, obtained in this country chiefly in the 
manufacture of sulphuric acid, is added for the· same purpose. 
Methods of rnanufacture.-N early all of these fertilizers require a cer-
tain amount of preparation before application to the soil. They must be 
reduced to a very fine condition in order to mix evenly with the soil and 
act quickly. Simple grinding is the only preparation required for such 
substances as sodium sulphate, plaster, lime, and the various sources 
of nitrogen and potassium. Bones are sometimes only ground and sold 
as bone meal; more· frequently they are subjected to the action of su-
perheated steam to drive out the gelatine, which is valuable for other 
purposes, and the bones are left in a better condition for grinding. 
Thus the manufacture of fertilizers oft.en consists in nothing but this 
purely mechanical grinding and steaming process, and perhaps the mix-
ing of several fertilizers together. By far t.he greater number of fer-
tilizer establishments; however, are designed principally to convert the 
various forms of phosphates from the insoluble and comparatively val-
ueless condition in which they exist in nature, into a form soluble in 
water. Phosphoric acid in phosphate rock, bird guano, bones, apatite, 
etc., is in the form of tri-calcium phosphate, Oa3(P04 )2• This substance 
is very insoluble in water, and, unless ground to an impalpable pow-
der called "floats," is only absorbed very slowly by plants. In order 
to bring the phosphoric acid into the form of a calcium salt which is 
soluble in water and hence easily absorbed by plants, the phosphate 
rock is treated with sulphuric acid, which converts it into an "acid 
phosphate" or '' superphosphate" of lime, in which the phosphoric acid 
is present as mono-calcium phosphate, H 40a(P04) 2• This substance 
is soluble in water. The method by which this treatment with sul-
phuric acid is effected is practically the same all over the world; even 
the details in the arrangement of the plant are nearly identical through-
out the United States. 
The phosphate rock when first received is prepared for grinding by 
drying in a large revolving drum making from twenty to fifty revolutions 
per minute, through which vasses a current of air heated by a furnace. 
The rock is then crushed to the fineness of sand, and finally reduced 
to powder by a econd set of millstones. The :fineness is assured by 
blowing the powder by a fan through a long tube to the place where it 
is to be treated with ulphuric acid. The amount of sulphuric acid 
added to the rock varie , of cour, e, with the exact amount of bone 
pho phate contained. In England les acid is used than in the United 
State '. ti u ual there to treat pho phate rock with about two-third 
it w ight of ulphuric acid. In the U uited State 1,100 pound Charle · 
to r ck i · mix d with about 900 pound of 60 per cent. sulphuric 
acid (47° Baume). The mixing takes place in shallow lead pan , 6 to 8 
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feet in diameter, a~d the mass is stirred constantly by revolving lead 
arms. The chief condition of failure or success in the manufacture of 
superphosphate seems to depend upon tbe exact conditions under 
which the mixing of the acid and phosphate takes place: The prime 
essentials are to add enough sulphuric acid to obtain the maximum 
amount of soluble phosphoric acid salts; and yet if too much is added 
the phosphate will not dry; and if, further, the mixing is not skillfully 
effected, the heat liberated by the action of the acid on the phosphate 
will not be sufficient to evapora,te the moisture before the mass is cold. 
The superpbosphate .is next stored in heaps so arranged under drying-
sheds that the mass will take many days for cooling, and during this 
time a requisite amount of moisture will evaporate. This loss of moist-
ure is essential, for, if allowed to remain, its weight would bring the . 
percentage of phosphoric acid below the limit fixed by law. Superphos-
phate immediately after mixing contains from 24 to 26 per cent. moisture. 
Under favorable conditions, as for instance exposure to the air a~d 
conservation of its initial temperature, there may be a loss of 10 per 
cent. moisture in 48 hours; but it goes on for one or two months, so 
that it is a safe rule to follow that acid phosphates wb,ich immediately 
an~r mixing contain 24 to 26 per cent. moisture will within four weeks 
dry down to 12 per cent. moisture. The following analyses will serve 
to show the average composition of acid phosphates 24 to 48 hours after 
mixing. The analyses were made by Dr. W. B. Phillips, chemist of 
the Navassa Guano Company, Wilmington, North Carolina, to whom 
thanks are due for valuable services rendered in the preparation of 
.this paper. 












i~::1:e~~0h~~0h~~i~c!~i,i:::::::::::::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1r: i~ 1~: g~ 
-----1-----t:~t:~1: J/:::ei~iri~c !ctt:::::: :::::: :::: :::: :::::::::::::::::: :::::::::: :::: 15: i~ 1f: b~ 
,----J-----
Total phosphoric acid . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 15. 74 15. 74 
These analyses only account for about 25 per cent. of the entire 
superphosphate; the rest is made up of calcium sulphate, the oxides 
of iron and aluminum, sand, and other insoluble matter contained in 
the crude phosphate. · 
If a superphosphate is analyzed and then analyzed again a day or 
two later it will be found that the amount of soluble phosphate is de-
creasing in proportion to the insoluble phosphate. This change goes 
on indefinitely, the soluble phosphate -reverts to its original conditiou 
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of insolubility in water ; but this reverted phosphate is soluble in a 
solution of certain organic salts such a,s ammonium citrate, while the 
original phosphate is not. It is possible therefore to determine the 
amount of phosphate which is soluble in water in a superphosphate, 
and also bow much was once soluble, but has "reverted." As this 
reverted phosphoric acid is so easily soluble in solutions of certain 
organic salts, it is probably available for plants. Iience the sum of the 
phosphoric acid soluble and reverted is taken as " available" phosphoric 
acid in the superphosphate. The nature of thi::; process of reversion has 
been studied very generally, and is believed to consist in the formation 
of di-calcium phosphate from tri-calcium and mono-calcium phosphateis. 
The principal circumstances which favor this reversion are the presence 
·of iron and aluminum in the superphosphate, the presence oftri-calcium 
phosphate, and drying at too high a temperature. 
Large quantities of plain superphosphate of lime are sold as a fer-
tilizer. But in order to furnish other ingredients it is usual to mix with it 
some substance containing nitrogen (fish, beef, or pork scrap, etc.), and 
a potassium compound (usually kainite), and sell the mixture under the 
comprehensive term "guano." Many fancy names are also given to the 
various mixttlres, of which new samples are daily brought on the market. 
No matter what particular names are given them or what particular in-
gredients are used in their manufacture, their values are fixed by the 
amount of available phosphoric acid, potassium salts, and ammonia 
obtainable from them. The .table on the next page gives a fair idea of 
the composition of some prominent mixtures of this kind. The list is 
copied from the annual report of the North Carolina experiment station. 
for 1884. "The relative valuations are not designed to :fix the price at 
which the article shall be sold. It is impossible to give any one set of 
:figures which shall represent the commercial value of these ingredients 
over our ex.tended territory and throughout the entire year. The fig-
ures merely furnish a convenient method of summing up the results of 
the analysis and comparing them" (Dabney). ''The water given is that 
lost by continual heating at the temperature of boiling water. The in-
soluble phosphoric acid is that contained in phosphates which failed to 
dissolve in neutral ammonium citrate solution, specific gravity 1.09 
(Wa hington method). The soluble phosphoric acid is that free or in 
the form of phosphates soluble in pure cold water. The 'reverted' is 
that in oluble in water, but di solving in neutral standard ammonium 
citrate solution. This is all that the term reverted signifies here, and 
it i ' used simply to stand for the phrase insoluble in pure water, but 
·olnble in tandard ammonium citrate solution under the standard con-
ditions. It is generally agreed that it is within the power of plant to 
take up directly the pbo phates so dissolving, or in other word that 
the pho phate are' ava;lable.' The total available pbo phoric acid 
i imply th um of the oluble and the r vert cl acid. itrogen i 
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given as such, and also calculated to its equivnilent ammonia. Potash 
is given as KzO." 
Names. 
Peruvian guano ....... . 
Solnble Pacific guano 
for tobacco. 
Whann'f! r ,iw bone 
supcrphosphate, plow 
brand. 
.Analyses of 1nixedfertilizers. 
Address of manufacturer or 
general agent. 
Hodgdon and Spencer Com-
panv, Norfolk, Virginia. 
JobnS. lkese&Co., B::tltimore, 
Maryl:J,nd. 
Walton, Whann & Co., Wil-
mington, Delaware. 
18. 92 3. oa 3. 98 10. 59 14. 57 7. 27 8. 83 4. 50 $66 95 
Lister's ammoniated Lister Bros., Newark, New 
dissolved bone phos- 1 Jersey. 
pbatc . 
13. 56 3. 77 6. 51 1. 99 8. 50 3. 13 3. 80 2. 33 33 20 
.. ". .. ,. 1, ~ 73 ,. " • "'I'· ,. • ., ., 51 
18. 461. 07 7. 83 2. 83 10. 66 2. 15 2. 61 2. 61 32 76 
.Special compound . . . . . G. Ober & Sons, Baltimore, Ma- 17. 50 2 64 8. 66 0. 71 9. 37 3. 64 3.201. 91 31 96 
ryland. 
Navassa acid phosphate NavassaGuanoCompany, Wil-
1
12. 562. 72 7. 87 3.3011. 17 ..•..... 1. 23 21 58 
Navassa cotton fer- ...... do . . . . . . . ................ 15.17 3. 91 4. 95 3. 93 8. 881. 86 2. 261. 51 26 84 
I 
mington, :North Carolina. I 
tilizer. 
Orchilla g,uino......... Travers, Snead & Co., Rich- 12. 76 3. 66 12. 70 12. 70 . . . . . • . . 22 86 
mond, Virginia. · 
Wando acid phosphate. Wando Phosphate Company, 14. 74 4. 32 8. !>6 I. 4710. 03 ........ 1. 54 19 90 
Charleston, South C::trolina. 
Wandofertilizer ............. do.. . ........... . ..... 12.804.91 6.84 1.26 8.102.112.561.56 26 69 
Etiwan guano.......... William C. Bee & Co., Charles- 16,142. HJ G. 13 I. 01 8. 04' 1. 97 2. 39 2. 49 27 02 
ton, South Carolina. 
Edisto acid phosphate . Edisto Phosphate Comp:.my, 17,701.0610. 54 . 8111._39 .. .......... 20 51 
Charleston, ~outh Carolina. 
Good Luck guano...... The George W. Miles Com- 18. 15
1
4 .. 83 5. 70 I. 48 7. 181. 94 2. 351. 62 24· 27 




solf1~~f!· Sea Island 
Navassa Guano Company, Wil- 15. 48
1
4. 6:! 4. 51 3. 48 8. 02 2. 37 2. 881. 26 27 47 
rnington, North Carolina. 
P. Zell & Sons, Baltimore, Ma- 15. 15/'2. 42 8. 49 2. 0410. 53 .. •. . . .. 1. 68 20 97 
ryland. · 
guano. 
Farmer's friend . 
Rusin Eertilizor Company, Bal- 17. 55 4. 30 5. 10 1. 59 6. 69/2. 07 2. 511. 81 24 25 
timore, Maryland. I 
. .. . . . Read & Co., New York City .... 12. 99
1
6. 40 5. 21 3. 83 9. 04
1
2. 23 2. 712. 39 29 :}8 
Legislation regulating the sale offertilizers.-The use of fertilizers in 
this country to the extent of $27,000,000 per year testifies to the neces-
sity of returning to the soil the constituents taken from it; and since 
comparison shows that only one-seventeenth as much is returned to 
American soil in proportion to the crops harvested as in GePm~my, it 
becomes evident that the fertilizer industry must increase greatly in 
years to come. The conditions of its development deserve, therefore, 
to be studied as important factors in our national economy. The prime 
necessity is evidently to establish certain means for distinguishing good 
fertilizers from those which are inferior. It has been found that chemical 
analyses alone suffice for this purpose, and accordingly legislation has 
been resorted to in nearly crnry State where fertilizers are largely used, 
to restrict the sale of fertilizers to thqse which seem valuable. Further, 
as the farmer is not able to make these analyses for himself, many States 
have appointed State chemists or have established fertilizer control 
stations whe-re analyses of all the brands sold in the State are made, 
and the fertilizers are bought and sold largely upon the basis of the 
State chemists' valuation. If all the laws were consistent they would 
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doubtless prove more efficient and simple, provided the chemists were 
also in harmony concerning the results of their analyses. Unfortunately 
for the industry, ueither the analyses nor the laws which regulate the 
use of their results are satisfactory. As regards the methods of analysis 
it has been shown that, at least until very lately, the results of analyses 
of the same sample by two chemists may differ as widely as 3 per cent. 
in the determination of phosphoric acid, which is usually such a.n im-
portant factor in the valuation of a fertilizer that a difference of 1 per 
cent. may make a difference of $30,000 per year in the returns of the 
largest manufacturers. With a view to harmonizing these inconsistent 
results several conventions have been held by the State chemists, the 
final outcome of which is a uniform method of analysis; and it is ex-
pected that similar mo,~ements will lead to uniformity in State legisla-
tion. At the first of these conventions, which was held at Washington, 
in 1880, it became evident that there is little danger of disagreement in 
tile determination of potassium salts or of nitrogen, by whicli, together 
with the phosphoric acid, the value of the fertilizer is deduced; but that 
conflicting results are likely to prevail in the determination of phos-
phoric acid, particularly in that form known as "reverted" .or '' citrate-
soluble" phosphoric acid. The convention, recognizing that reverted 
phosphoric acid is not as tangible a substance as could be wished, en-
deavored to secure better results in the determination ·by. the uniform 
use of the method most generally recognized as the best at that iime. 
The details of this method, which is that of Fresenius, Neubauer, and 
Luck, were published in the Zeitschrift fur Analytische Chemie, Vol. X., 
page 133. This method, with some ~light modifications concerning' the 
temperature at which the extraction with ammonium citrate should be 
made, has since been known as the "Washington method." It was 
more- generally used than any other, but never by all agricultural 
chemists on account of its manifestly· imperfect results when made to 
embrace all the conditions in which phosphoric acid must be determined. 
Tbe desirability of a new method became so evident after the Wash-
ington method had been in use for one year, that a second convention 
wa. held in Boston a, a subsection of the American Association for the 
Advancement of Science, and five chemists were designated to secure the 
co-operation and experimental research of agricultural chemists, to collect-. 
and examine the various published methods of fertilizer analysis, and t(, 
r port at the next convention, the whole convention being pl dged to 
a si t the committee by conducting any experiments or te ts wliich they 
might de ire. In opening the third meeting of the convention, held at 
incinnati, in Augu t, 1881, Dr. Ledoux called attention to the fact that. 
th re had been comparatively little complaint since the Wa, hington meeL-
ing in r gard to th re ult obtained in the determination of nitrogen, 
P ta. h, and tot l and oluble pho phoric acid; but that iu i,pit of hon , t 
en<l , v r n th part of chemi t who attended th, previon . rn eting. 
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to adhere strictly to the methods laid down and adopted by the conven-
tion, the determinations of insoluble or reverted 'phosphoric acid bad 
shown the most unfortunate discrepancies. Th'e committee on the estab-
lishment of a new method did not report, but in response to a petition 
presented by the Baltimore (Jbemical and Fertilizer Exchange, the use 
of the so-called "oxalate method" was substituted for the citrate method 
for determining reverted phosphoric acid. The <lifforence in the methods 
consisted in using a solution of 2 grams of ammonium oxalate in 100 
cubic centimeters of water, in the place of the solution of ammonium 
citrate, for effecting the solution of reverted phosphoric acid. The sub-
stitution was made because the citrate method did not show the full 
amount of reverted phosphoric acid in superphosphates containing iron 
and aluminum. It can hardly be said that this change was in the direc-
tion of uniformity, and the ammonium citrate method was returned to 
at a meeting of agricultural chemists at Atlanta, G;eorgia, in May, 1884. 
The return was made in consequence of a paper which bad appeared a. 
short time before in tbe A ·m.erican Ohemi9al Journal, in which Professor 
Gladding showed that the citrate solution dissolves a.11 reverted -phos-
phates, including those of iron and aluminum, at a temperature of 65° 
0., instead of 40°, as used in the Washington method. It is the opinion 
of many chemists that this so-called" Atlanta method" represents as 
much, if not more, progress in the direction of uniformity as has been 
obtained in any country up to the present, and that further agreement 
in analytical results will depend upon the exactness with which the -
minor details are carried out by each analyst. With the view of enforc-
ing the general use of this method, an Association of Official Agricur 
tural Chemists, consisting of analytical chemists connected with depart-
ments of agriculture, State agricultural experiment stations, and State 
boards exercising an official fertilizer control, was organized in Phila-
delphia in September, 1884. Besides securing uniformity and accuracy 
in the methods and results of fertilizer analysis, the oqject of this asso-
ciation is '' as far as possible to secure uniformity ' in legislation with 
regard to the regulation of the sale of fertilizers in the different States." 
It seems that the work of such an association must in the future be 
principally in this last direction. 
The greatest impediment to the progress of the industry lies at pres-
ent in the legislative restrictions which/ in most States are thrown 
around the manufacture and sale of fertilizers. It is true that only 
chemical analysis can determfae the valuable article and keep spurious · 
fabrications from being imposed upon the public. But the require-
ments of the State laws are not confined to establishing merely a healthy 
control and insisting upon the manufacturer living up to his guaranteed 
analysis, but harass the trade and farmer alike with unnecessary and 
in some cases quite absurd provisions. 
The average·farmer's knowledge of pla,nt physiology and agricultural 
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chemistry is as a rule of a very limited nature. H~ is not able t-0 de-
termine for himself what are and what are not those essential elements 
of plant food which be desires to procure for bis land by the purchase 
of fertilizers; for that knowledge lies far beyond the limits of a common 
school education. Fertilizer control, whether exercised by depart-
ments of agriculture or by experiment stations and State boards · of 
agriculture, should therefore serve a dctible purpose, first, to protect 
the farmer from imposition, and also to educate bim to a proper under-
standing of the various elements of plant food and their relative value 
in the soil. To accomplish this it would seem wise to use as far as pos-
sible those terms which are most intelligible to the farmer without doing 
violence to systemat1c knowledge; ·but though only three constitueuts 
are universally considered as valuable elements in a fertilizer, there 
are different terms used in almost every State for the expression of 
phosphoric acid, potassium salts, and ammonia. It is doubtful wheth~r 
it aids the farmer in making an e~timate of the value of a fertilizer to 
see printed on each bag " phosphoric acid soluble in neutral solution 
of citrate of ammonia at 100° F." or" anhydrous phosphoric oxide solu-
ble in distilled water," and yet it is made necessary by law not only to 
brand each bag of fertilizer with a statement of its contents, but the 
exact form is prescribed and is different in almost every State. The 
manufacturer, who under heavy penalties is compelled to print exactly 
these terms on each sack of fertilizer, is thus obliged to use a muJtipli-
ci ty of sacks. 
Among the fertilizer manufacturers this subject of legislation has 
been agitated to the extent of forming a National Fertilizer Association, 
with headquarters at Baltimore. During the two years of its existence 
this association bas done much toward securing concordant views 
among the manufacturers concerning advantageous changes in the exis-
ting laws which their industry requires. From the .hearty indorsement 
of their efforts by State chemists and commissioners of agriculture this 
a8 nciation expects to accomplisl.J much in the direction of the uniform 
legi 'lation o much desired by both agriculturalist and manufacturer. 
Already a provi ional draft of a uniform law for all the States has been 
drawn up through the efforts of this association, and it is proposed to 
present it for the cou ·ideration of the Association of Agricultural Cher,n-
ist at their meeting in vVa,bington in September, 1885. 
Production.-Mixed fertilizer · a.re sold in much larger quantities than 
imple uperpho phat s and kainite, but the increa, ing practice of 
compo ting or mixing m::inures on the farm involve increa ed u of 
up rpho. phate, which i add d to the compost heap more frequently 
than lir ctly to th land. The total amount of fertilizer old in th 
nit 1 t t , ha· b n computed with great care and labor by Mr . .A. 
d h q i .r, er t ry of th National Fertiliz r A., soci tion. Th 
tot< l · rnonn pr clue ~cl betw u May 1, 1882, and April 30, 1 ; , wa 
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. l377,000 short tons; in 1883!-'84 the yield·was 967,000 tons; and in 1884-
'85 1,023,500 tons. · This was produced by the following States: 
Estirnated production of manufactured fertilizers, years ending April 30. 
States. 1883. 1884. 1885. 
Short tons. Short tons. Short tons. 
Alabama . • • . . . • . . . . . • . . . . . • . . . . . . . • • • . • . • • • • . . • . . . • • . • . • . . . 3, 000 4, 000 4-, 000 
Connecticut . . • • • • . . . . . . . . . . . . . . . . . • • . • . • . • • • • . . . • • . . . . . . . . . 15, 000 15, 000 15, 000 
Delaware ••••••......... . .......••......••........... ·.... .. 40,000 45,000 50, 000 
District of Columbia ............•.•......••...•.••••.. ; • . . . 7, 000 7, 000 · 7, 000 
filiC::ti~a ::::::: :: : :: : : :: ::: : : : : :: : :: : ::: :: ::: : : : ::::::: :: : : : :g: ggg :g; ggg ~~'. ggg 
lildiana . ... .. ...•.. ....... .. . ••••.•. .. .. . .•••.• ...... ...... 3,000 4, .000 5,000 
Iowa . . . .. . . . •• • . . . .. . • . . . . . . . . • . . . . . . • . . . . . . . . . • .. • •• . . • • . . 1, 000 1, 000 1, 000 
fi~r~~~r .-.-:::::. :::::: :::::: :::::: :::::: :::::: :::::: :::::: ~: ~~g ~: ~gg t: ~gg 
Maine . ... . ................................................. 6,500 7,000 7,500 
:!~:!~h~;~tts·::::: ::: : : : : : : : :~:::: :::::: :::::: :::::: ::: : :: 2~g; ggg 2~g'. ggg 3i~; g~g 
~t~~ili:f: :::: :::: :: ::::::: ::·. :::::: :::: :: :::::: :::::: :::::: ~: ggg :: ggg t8ig 
~:: ~i::~ :::: :::::: :: :::::~ :::: :: :::::: :::::: :::: :: :::::: g~: ggg ~i: ggg ]~~: ggg 
North Carolina. ............................................ 15,000 15,000 15,000 
Ohio....................................................... 15,000 15,000 18,000 
Ih~d:yl:1!~t :::::: :::::::::: :::::: :::::: :::::: :::::: :::: :: fg: ggg ~g: ggg I~: ggg 
~~i!ii:~7;:::: ::: : ~: :: : : : ::: : : : : :: : :: : ::: :: ::: : : : : ::: : : iiHgg 1~Hgg 1!~J~! 
------1·-----1-----
Total......................... • . • • • • • • . . . . . • . • • . . . . . . . 877, 000 967, 000 1, 023, 500 
Value .............................................. ·• $23,680,000 $26,110,000 $27,640,000 
By obtaining freight lists of the various transportation companies, 
Mr. de Ghequier has traced the consumption of manufactured fertilizers 
to the following States : 




D elaware .................................................................... . 
I•'lorida .............................................. .. . · · · · · · · · · · · · - · · · · · .-· · · 
fJ;:JI~a:::: :: : :: : : ::: :: ::::::: ::::: :: :: :: : :: :: : :::: :: : :: : ::::::. ::: :: : : : : : : : : : 
Indiana ...................................................................... . 
f!~;~~!!:::::: :::::: :: : :::::: :: : ::::: :::: :: : : : ::: : . : :: : : :: : : : ::: :: : : : : : :::::: 
s~w;.();:::::;:::::::::;;;: \; \;:: i::::) \:::: ::  : : : : : : ::  ; : : : : : : : : : 
New York .... .. ..................... ~. ·-··-·············· .. ········ ......... . 
B~~!gi[it~~~~~: :: : ::: : : : :: :: : : : :: : : : ::::::::::: ::: ::: :: ::: : :·=:::::: :: : : : 
Ohio .... .. . ................................................................. . 
ii~[{~~~)~/2\/)E/H:/?ii?t+ 
1883. 















































Exports.-About 75 per cent. of the phosphate rock mined in the 
vir~inity of Beaufort, South Carolina, .is exported, principally to England 
a,ad Germany. From 5 to 8 per·cent. of the Charleston product is alt:,o 
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exported to the same markets. Manufactured fertilizers are exported 
to some extent. The following table gives the record of fertiHzers · ot 
domestic production exported from the United States, fiscal years 1864 
to 1883, inclusive, as furnished by the Bureau of Statistics. In 1884 the 
exports invoiced as'' fertilizers" amounted to 161,352 long tons, valued 
at $1,096,021. This consisted principally of phosphate rock, with a 
small amount of manufactured fertilizers. 
Fer'tllizers of domestic production exported from the United States, 1864 to 1883 inclusive. 





Quantity. Value. Average value . 
used for 
manures. 
1~64 . .............................. ....................... -~-~ .~·- ...... .... . ......... $40,353 
1865 . ... . ................................................. ... .. .. . .... .....• • ... .......... 47,896 
1866 .. .. .............................................................. .......... ··· ·· ····· . ....... . .. . 
1867. . . . . . • . • .. . .. . .. . .. .. .. . .. . .. .. .. • • .. • .. .. .. .. . .. .. • . 2, 203 $25, 395 $11. 53 28, 360 
















The Ralt industry of the United States, taken as a whole, can not be said 
to be in a flourishing condition. Certain large producers, aided by excep-
tional facilities and by access to market, are still making very fair 
profits; but many weaker establishments less favorably situated have 
been compelled to close or to make salt for locafoonsumption only. The 
competition is sharp, the great producing districts of Michigan and New 
York having seriously crowded those of the States in the interior and 
farther south; while the heavy imports of cheap salt (amounting to 
$1,690,564 worth in 1884) have an additional depressing effect. When 
it is considered that the price in 1884 in some districts fell as low as to 
63 cents per net barrel at the works, it will be seen how small a margin 
of profit remains. 
Production.-The following table shows the total production in tb0 
United States in 1883 and 1884. In it the quantities have been reduced 
to barrels of 280 pounds, as being the most common unit, though the 
returns are also reported in bushels of 56 pounds and in tons, the latter 
unit being generally used where salt is handled in, bulk. Stated in 
other terms, the total output in 1883 would be 1,733,824,680 pounds, or 
_30,961,155 bushels, or 866,912 short tons of 2,000 pounds; and that of 
1884 would be 1,824,182,360 pounds, or 32,574,685 bushels, or 912,091 
tons. 
Salt product of the United States in 1883 and 1884. 
1883. 1884. 
Barrels. Barrels.' 
~~hi-1::k·::::::::::::::::::::::::::::::::::::: ::::::::~:::::::::: ::::::: ::::: f: m: 1i~ t }:~: :g~ 
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . • . . • • . • • . . • • • • • . • • • . . . . . . . . .. . . . . 350, ooo 320, ooo 
~mt~tj;::::::::::::::::::: ::::;: ::==== :: ::::::: :·==:=: :::::: ::== :: :::: :: i;i ill i~l m 
Utah..... .. . .. ..... . . . .................... . ................................... 107,143 114,285 
Nevada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21, 429 17, 857 
11¥e~to~f !~a!~un':t~~~·-. ~~~~~~~~: . ~~~~~~~~:. -~~~-. ~~~~~. -~~~~ . ~-~~. 400, 000 400, 000 
1-----1----
Total . ... . . ... . .. . .. . . . .... .. .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 6,192,231 6,514,937 
The total apparent yield in 1884 exceeded that of 1883 by 322,706 
bushels, but owing to the decline in price the total value was $13,308 
less-$4,197,734 in 1884, as against $4,211,042 in 1883. The values given 
are computed on the basis of net wholesale rates at the point of produc-
tion. There was, however, a considerable stock of salt on band in New 
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York at the close of 1884, made in that year, hut not inspected, the 
production of which will be credited to 1885 when ·reported by the in-
spectors. Were this ·taken into account the total value in 1884 would 
exceed that of 1883, while the difference in total production would be 
somewhat greater. 
Michigan.-The salt industry of this State has grown to huge pro· 
portions. Salt is made in the following counties, arranged in the order 
oftheirpresentproductiveness: Saginaw, Bay, Huron, Iosco, Man~tee, 
Saint Clair, Midland, and Gratiot. The supply is derived from brines 
obtained from borings, and commonly evaporated by artificial heat, for 
which method the local conditions have been very favorable, the waste 
from saw mills in the immediate neighborhood of the salt works fur. 
nishing an inexpensive fuel in the shape of slabs, sawdust, etc. As 
the lumber becomes exhausted this advantage will gradually have less 
weight. A small quantity of salt is still made in Michigan by solax 
evaporation also. Mr. G. W. Hill, the State salt inspector, has fur-
nished the statistics for the last two years included in the following 
tables: 
Salt rnade in Michigan, 1880 to 1884 inclusive, by counties. 
{Barrels of 280 pounds each, as in each subsequent reference in this section.] 
Counties. 1880. 1881. 1882. 
Barrels. Barrels. BarrelG. 
!~!tioi:::. :: : : : ::: : : :: : : :: : : : : : : : : : : : : : · .. -~·- ~~~·. ~~ .. -~~ ~~:·. ~1:_ :i., 15:: ~i~ 
~:~i:~~ ~::::::::::::::::::: ~:: ~:::: ~::: .... ~~!:_ ~~. i!r; m ~!HH 
Midland ...... ,.......................... 41,462 74,537 80,239 
Saginaw............ . . . . . . . . . . . . . . . . . . . . . 1, 148, 644 1, 083, 990 1,.287, 273 





















Total.............................. 2,676,588 2,742,217 3,037,917 2,885,672 3,161,806 
The following table shows the amount of salt inspected in Michigan 
since 1869, the first year of the establishment of the State salt inspec· 
· tion, for the years specified: 
Grades of Ralt made in Michigan as repm·ted by the inspectors. 
Yearl!I. 
1869 .......................................... . 
1870 ....••• •••••··•••••••••••·•·•···•·•··••···· 
1871 •.••••.•••••••••••••••••••••••••••••.••••.. 
1872 ..••••••.••.••.•••..••.•••.•••••• ••·•·•···· 
1873 · ·•·•·· ......••••••.•.•.. •••••••••••• ..... . 
187, ..•.••..•.•••..••••.•••••.•••••••••...•..•. 
1875 ··••••••·••••••••••·••••• •••••···••····•·•· 
1876 • ·•·••· .•••••..•.•.••••••.•••••.••... ······ 
1877 ..•.••..•••••••••••.•.•••.••••• ····-· ....•. 
1878 ..•• . •..•.••• ·•••••••••••·•••·· ••.•..•..... 
1879. ···•·· ............ ··•········· ........... . 
1880 . ..•....••••..••••• ·••·••••••·•·••••• .•.•.. 
{m ·········· ····--···········-··---·--·-····· 
188-3 . ::: ::: : ::: :: :::::: :::::: :::: :: ::::::: ::: : : 







746, 702 23,671 




1, 770,361 19,367 
1, 997,350 15,641 
2,598, 037 16, 691 
2, 673,910 13, 885 
2 928 542 17, 208 
2: 828: 987 15,424 
3,087,033 l!J, 308 











33, 541 32,615 
18,020 27, 020 
22,237 4 I 623 
o, 08:1 52,821 
31, ;13/i 60,222 
16, 735 33, 626 














2, (j58, 040 






Previous to 1869 the salt production of the State was as follows: 
Years. Barrels. Years. 
1860-. --· ------ ··---· ·----- ·--- ••. - - .. - . . 4,000 1865 .. ___ • -····· .•.••.. ··- •• ·--··· .•••.. 
1861.--···- ••••.. ····-· ···- -- ••••••.••• •.• 125,000 1866. ····- ·---- ··--· ·- ------ -·--·· ·----· 1862. ___ •• _ •••••• _. _______ •.• _____ • • • • • • . 243, 000 1867 ...•...•.• _ ..•..... __ ....•.. _ .••.• _ . 
186:L ••••• - ••••.••••••..•••••.••••• ··--.. 466,356 18G8 .•.•.. -·--·- ·-·-·- •••••••••••.•••••. 






The average price which Michigan salt sold for in different years was 
as follows: 
Years. 
1866 ..• ---··············--·-· .••••• ---·-· 
1867 .••••••.••• -. -··--··-----·----· ··--·· · 
1868 .•••• -··---·· ·----·····-···---······· 
1869 ..•••.. ·--··· ···-······-··-·--······· 
1870 ..• ·--······- ··-··· ·······----· ·----· 
1871.·-········-· ····-·········----···-·-
1872. ····--······-·--················-·- · 
1873. ·-············-····---·· ···--· ·----· 
1874·-······-··-··---·· ···-·· •••••• ··-··· 














1876.·-··· .••..•.••••. ··--·· ·-·-····-··-
1877.·-··· ·····--········- ••·•·· ·-··--·· 
1878 .•• ·-······-·-·-:-·-·---·--········· 
1879 .•••.•... - .•. - ••••.. - - •.••••••..•... 
1880 .••. --························ ·--·--
1881.---·-·--·-·-····· ···--· ··-··· •••.•. 














.At the foregoing prices the total spot value of the product was 
$2,344,684 in 1883, and $2,392,536 in 1884. 
In Michigan there are 117 :firms engaged in the manufa~ture of salt, 
operating 101 steam and 271 pan blocks. There are besides 4,500 covers 
for the manufacture of solar salt. The total manufacturing capacity of 
the wells in operation is 3,875,000 barrels. 
The process of manufacture has thus been described by a correspond-
ent of a daily paper: "The method of crystallization by ' solar' evap· 
oration, a slow process in that climate, gives a purer product than by 
artificial heat. By another process the brine is boiled down to salt in 
large kettles placed in ovens over fire arches. .An improvement on this 
was the pan. The idea of the kettle was evolved, the kettle was .flat-
tened out, made large on the bottom, and shallow. This allows more 
rapid boiling and consequently a speedier crystallization than could be 
had in the kettles, but the greater heat is full of danger to the salt, 'as 
it is apt to take up so much of the impurities in the agitated water as 
to injure its quality. This method has almost entirely been superseded 
in Michigan by the 'steam salt block,' in which salt is made entirely 
by steam heat. A specimen steam block is a building of wood, 208 feet 
long, 90 feet wide, 16 feet high at eaves, 40 feet high at ventilators, with 
a chimney-stack rising 10 feet higher. It contains two settlers, each 
140 feet long, 9 feet wide and 4 feet deep, together with four grainers, 
each 150 feet' long, 10 feet wide and 18 inches deep. In the settlers and 
g.rainers there are immersed in the brine 3,744 feet of four-inch galvan. 
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ized iron pipe, aud the numerous connections necessary to make a 
working relationship among the pumps, cisterns, settlers, grainers and 
boilers make a whole of over 9,000 feet of pipe. Under the same roof 
are fourteen salt-bins and a packing room, adjoining which is the salt-
shed, 230 feet long by 150 wide. The brine is limed in the cisterns out-
side and allowed to stand 48 hours. After becoming clear it is drawn 
into the settlers inside. There the temperature is raised to 175° Fah., 
and evaporation goes on until saturation is reached, which takes about 
24 hours. It is then drawn into the grainers, the temperature is raised 
to 185°, and crystallization begins. Every morning the salt is lifted 
and the grainers refilled. rhe salt is wheeled into the bins, where it 
drains 14 days and is then inspected and packed." 
New Yorlc.-Salt is made on a very large scale in the Onondaga dis-
trict, at and near Syracuse, which has been steadily productive since 
the last century. Much attention has been given to the recent discov-
eries in the Warsaw district, in Wyoming county; and salt is also 
made on a small scale in Genesee and Livingston counties, at LeRoy, 
Pifl'ard, and Mount Morris; while very recent strikes have been made 
at East Gainesville and near Phelps. The total output of the State in 
. 1883 was as follows: Onondaga district, 7,497,431 bushels; other dis-
tricts, about 600,000 bushels; total, 8,097,431 bushels. In 1884 the pro-
duction was: Onondaga district, 6,942,270 bushels; other districts, 
about 2,000,000 bushels; total, 8,942,2'i0 bushels. The figures for 1884 
do not include a large stock on hand in the Onondaga district unin-
spected and unsold. The total spot value of the New York product in 
1883 was $680,638, and in 1881 it was $705,978. . 
The Onondaga salt springs reservation is under State control, the 
wells -being worked on lease. The gross revenue to the State in 1884 
was $69,513. The reservation is divided into four subdistricts. Their 
segregated output in 1884, according to the official returns of Mr. P. J. 
Brummelkamp, the State superintendent, was: 
Salt inspected at the Onondaga salt springs in 1884. 
Solar. Fine. 
Bubdistriots. Total. 
Common. Ground. Common. Ground. 
Bushel-s. BU8hels. Bushel-s. BusM,. BushtJ,s. 
1. Syracuse .. . ...•.•. ··--·· ....... ·-···. 442,295 55,896 883,644 368,687 1,750,522 
2. Salina . . . ....... ··-····-···· ··-· ..... . 388,449 56,928 1,183,415 334,452 1,902,244 
t t~dd?t~~-----·.-.-.-.-.-.-.-.-.-_·.-.-.-.-:.::::::::: : 624,654 .................... 412,052 ---·-- ---- ·· 1, 0"7, 006 785,638 . .. ............ . ... 1,118,718 347,542 2,251,898 
Total ...... ····-·.·-·- ...... _ ... _ .. 2,241,036 112,824 a, 537,729 1,050,681 6, 94,2, 269 
SALT. 831_ 
The total production of the Onondaga reservation since 1797, the date 
of the :first leases in lots, has been : 
Production of the Onondaga district, 1797 to 1884 inclusive. 
Years. Solar. 
BWJhels of 56 
pounds. 
1797 •••··• •••...• •• •.. •••••••••••••••••• ••••..•••••• ··• · ·• • · . ; .....•..... · 
1798 . ....•.••• • • •• • • • • · • • • • • • • • .• ·~ • • • • • •••••••• · •• • · · ••. • • · • •. • · · · · · · · · • · 
1799 .. . • ...•••.• ·••••••••••• ••• ••. ·• • ·•••••·•••••• •••.•..••..•.....•...••. 
1800 ...... •••••• ..•••. ••••••••••·· •••••• · ••..•••••.••...•••..•....••••.• . · 
1801 .. . .................................................................. . 
1802 ... • .• · •·· ·· •..••.•••••. ·••••••••••••••••·•••••••••··•• · •••••..••.•••. 
]803 . . ...• ··•••· .•• • •••• • •••••••••••••••• • .••.•••• •••••·•••· .••••..•••.••. 
1804 ...... . .•.• . • ••••• •••••· •••••••••••••••••• ·••••• •••.••••••.•••. · · · •••. 
1805 ...•.•... • • • •••••• •••••• ••••••••••••.••••••••••••••..• • .••••••. • · .•••. 
1806 ....•• . •.•••.••..• • •• • • · ••••••••• • • • • • • · •••••• · • • · •••••• · ••••• • • • · • •• · 
1807 .. . ....•..•.• • •.••••••.•• . •••• •••••••••••••·•••••••••••• •••••••••· .••. 
1808 ..•... ·•· • •··•····•••• ·•·••••••••••••••••••••••••• •••••••••••.•••••••. 
1809 ......•• • ••. . .• . .••.•••••• • •••.••••••••••••••••••••••••.••••.•• · •••••. 
1810 .........••..•••.•• • •.••. - •.•••••• •••••••· · ••·•••••••••· •••••••••.•••. 
1811 ........•.•..•• . .••••••••••• · •• · • ••..••.••••••••.•.••••.••••..•••••••. 
1812 ... . ....•.. • .........• ·•••••·••••• ••••••••••••••••••.••. ·••·•••••••••· 
1813 ...•...••.•.••.••..•••. • .•••.•.•••• • ••••••••••••••••·••· •••..••.•••••. 
1814 ...•...•••.. •••·•••••••••••••••••• •••••. •••••••••• •••••.••••••••••.••. 
1815 .•.....•• . .••..••.••••.•••••.•••••.• •••••• ·•••••·••••••· •••••• •••••••. 
1816 ··•· · •···· · .•• • •.•••••••••.••••••••••••.••.•••..••••••••• •••••••••·••• · 
1817 .•.• . .•••••.••••••.•••. • ••••·•••••••••••••••·· •••••••••· ••••••·••·••·· 
1818 .•••.•.•••••.••••••••••••••••••••••••••••• •••••••••·•••· •••••••••••••. 
1819 . . ...•• . ...•. • . ••••••••.•••••••••••• •••••••••••••·•·•••• •••·•••• .••••• 
1820 .......••••.•••••.••••.• •••••• •••••••••••••••••••••. · ••..•••••.••.•••. 
1821 .••..• .•••...•.•••••••••••••••••••••.••••••• •••••••••••• .• .•••••• · ••• , 
1822 ...•..••••••.•••••.•.•. • •••••••••.••••••••.••.•••••••••.•••••••••..••. 
1823 ... . .••..••••..••..•••.•.••..••.•••.. ••••••••• •••••••••••••••• • · • · • • • · 
1824 ······ ...•...••..•••. ••··••·•••••••••••••••••••••••••••· •••.• • ...•.•.. 
1825 .•••.....•.•. •••••••••.••••••••••••• •••••••••••••••••••· ••••••·••••••· 
1826 . .•....•••.••..•...••••••••••••••••••••••••••••••••.•••. ·•••••·••···•· 
1827 .........•.. .. ....••••••••••••.•••••••••••.••••.•••..••. ·••••• ..•..••. 
1828 .•. . ..•. ····· • ·••• .••••••.•••••••••• •••••••••••• ·••·•••· .••.•••••••••. 
1829 ............. . ...................................................... .. 
1830 ·•· · ·•·••••· ..•..• ·•••·· •••••• ••••••••••••··•••• ....... . •••••·•••·•••· 
1831 . . . . . . . • . • . . . . . • • . . • • • . • • • • • • • • • • • • • • • • . • • • • • • • • • • . • • • • • • ••.••.••.•••. 
1832 .....•• .. . • ..••..••..•••.••••..••.•••••••••.••••••••••••••••••.•••.••. 
1833 .......•..... ••••. ···• • · •••••. •••••••••••• •••••..••.•••.•••••...•..... 
1834 .•.••• . .. . .•.•.• . •••.•••••••••••••••••••.••..••••••• : •••...•.•..•. . ... 
1835 ...........•.•..••••.•••••••.••••• •••••• •.•••• ••••·•••·· .••••......... 
1836 .•...•. .. .••••• • ..••••..••.. ·••••· •••••••••.•••••• -•••••. ··•··•·••· · ••· 
1837 .•.•••..• . .. •. .••...•••••••.••.••••..••..••••.••••.••••.••••••.•. . ..•. 
]838 ·····• . • ... • •.. ••·•·••·••••• •••••••••••••••••• •••••• .••..•..••.•...••. 
1889 ·••••·· ........ . . •• •••••.•••.•••• ••••..••..••••••••.•••.••••••..•.•.•. 
1840 ...••• . ..... . .•..•••••••.•••••••••••••••••••••••••••.••.•..••...... •. . 
1866 -- . - . · . • • • . . . . • . . • . • • . • . . • • . • . . • . • • . . • • • • . • • • • • • . • • . • . • . 1, 978, 183 
1867 . . . . . . . • . • • • • • • • • . . • • • • • • • • • • • . • • • • . . . • • . . . • • • . • . . • • • • . . 2, 271, 892 
i:g : ::::: :::::: :::::: :::::::::::: :::::: :::::: :::: :::::::: :: i: m: i~i 
1870 , , • , , , ... • • • · .. ,.,.,.,., . ,. . ..... , • • • , , •• • , .. ..... . , q"' ~ ,2, 487, 61)1 
Fine. 

























































4, 288, 938 
4,826,577 













































































5, 803, 3t7 
6,082, 88ii 
5,966,810 





9 053 874 
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Production of the Ononda.ga district, 1797 to 1884 inclu8ive-Continued. 
Years. 
1871 .......... , ........ , ................................... . 
1872 .••.....••..••••...•..••..•••.••• ~ •...•..•••..••.....•.. 
1873 .••.•. ·••···•··•·· .••••• •••••••·••••••·••••· .•••...•.... 
1874 ..••.• ·••••·••••••··•·••••···••· •••••••••••..•.•.•...... 
1875 ..••....•••..•.. ·•••·•••••••· •..•••••..••..••...••• · · · · · 
1876 ·······•·····•···••••••· ••••••.•.•....••...••.••.•...••. 
1877 .•••...••..••....••.••••••••••••.••••.••••••.. • •...•••.. 
Solar. Fine. Total. 
Bushe~s of 5'> Bushels of 56 Bushels of 56 
pounds. pounds. pounds. 
2, 464, 464 · 5, 910, 492 8, 374, 956 
1, 882, 604 6, 048, 321 7, 930, 925 
1, 691, 359 5, 768, 998 7, 460, 357 
1 667 368 4, 361, 932 6, 029, 300 2: 655: 955 4, 523, 491 7, 1~9, 446 
2, 308, 679 3, 083, 998 5, 392, 677 
2,525,335 3,902,648 6,427,983 
1878 ...•..•••••• ·•••·••·····•··••••• .••.•••••••.•..•••••.... 
1879 .•...•.......••..•.•.••••.••••••••••........• . .....•.•. . 
1880 ........••.•.•••..••.••.. •• : .. • . ..•••. ... J .. . ... • • •••••• 
1881 ...•...•......•. •••••• ••.•••••••••.•••••.•.••.•.••....•. . 
1882 ..•.....•..•.•••....•.••••.........••......••..•........ 
1883 ..•..•....•. ·•···••••·•· .•••.•.••..••..•••.•......•..... 
1884 .... . ..•••.•.••••••••.•••...•.•.•...•..••..•••. • .••..... 
2, 788, 754 4,387,443 7,176,197 
2, 957, 744 5, 364,418 8, 322, 162 
2, 516, 485 5, 482, 265 7, 998, 750 
3, 011, 461 4, 905, 775 7, 917, 236 
3,032,447 5, 307, 733 8,340,180 
2,444,374 5,053,057 7,497,431 
2,353,860 4,588,410 6,942,270 
Total. ..........••.•. ···~ . ........••••... . .......... ·· 64, 500, 057 246, 7_34, 454 I 311, 234, 511 
The Onondaga wells are from 360 to 420 feet deep, and yield a brine 
which is evaporated by solar and artificial heat. The solar salt sold in 1883 
at an average of 10¼ cents per bushel, and in 1884 at 9 cents. The" fine," 
that is, salt made by artificial heat, brought an average of 7½ cents per 
bushel in each of these years. Both solar and fine are sold in two sizes, 
common and ground, making, therefore, four grades. 
A table is appended showing the average strength of the brines in de-
grees of the salinorrieter (reduced to correspond with a temperature of 
60° Fah.) in the years from 1865 to 1884, inclusive, except 1868, for 
which year there are no records: 
A1,era,ge strength of Onondaga brines. 
Yea.rs. 
1865 .••••••.... ·•···••·•··••··········•·· 
1866 ··•·••······· ••...• ·•·•··•·······••·· 
1867 ...••.. ·•·•·····••··••··· ···•·····•·· 
1869 ·•····• • •••••····••••·•·····••··•·•·· 
1870 ..••..•••••.•...••..•.•.. ·····•······ 
1871 . .••••..•••..•...•••....•...••.•..•. . 
1872 ··•· • •··•••·•••••·•·•••···••······••· 
1873. ··••·•·•·•··•••··••·•••••··••·•••••· 
1874.. ·•••••••· · ···••·••••···••·· · ······• · 
1875 ··••··•···•·· · ••··••·•••••···••·· .•.. 
1876 ··· •· ··•· · ·•·• • •··••••··••···••···••· 
1877 . ········•··••· · ••·•••··· ·· ·•··•••··· 
1878 ···•··· •· ··•· · ·•·•••··•· · ··• · ··•···· · 
18711 .. ····••··••··••••••••···•··••··· • ·• · 
1880 ···••·· • ••···•··•··••• · ··· · ·••· .••... 
1881 •.••..•• . ..•...•..••.•••. .• ...••. . .• . 
1882 .... . . . ........... . .................. . 
1883 .•••. ·•••••·•••··• · ··· · ·••·· · · · ·•·•· · 





































































































The rock salt <leposit of the Warsaw valley lies at a depth of from 
800 to 2,500 feet, depending upon the locality, the formatioc dipping 40 
feet or more per mile toward the outh. The bed i aid to have been 
prov d Y te t well to t e continuous for a di ·tance of 20 miles in a 
north an 1 outh <lirectioa. The War aw alt Company qnk the fir, t 
w 11 in tb . I rinO' of 1 2 ancl b gan tbP, manufactur uf alt Novem-
b •r oJ!,,, f th ·am ' y 'ar. . The followiug . cripqqii of the method of 
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working is by Prof. C. H. Dann : " The brine comes from a bed of solid 
rock salt about 80 feet in thickness and about 1,550 feet below the sur. 
face. Wells (of which this company has three 5} foches and one 8 inches 
across) are sunk to the bottom of the salt bed. The well is cased with 
iron pipe down to the salt. A 2·inch pipe descends to the bottom of-
the bed, having perforations only for a few feet at the lmver erid. Pure 
water from the Warsaw water.works is let into the well between the 
casing and the small pipe until the well is full. The water in contact 
with the rock salt dissolves all the salt it will hold, and the brine, being 
more than ·twice as h e~.i,vy as pure water, sinks to the bottom, enters 
the small pipe, is driven part way up by the weight of the outside col· 
umn of fresh water, and is pumped into large vats a few feet higher 
than the evaporating pans. One of the wells is ~upplied with fresh 
water from an underground stream. The company has five pans, each 
130 feet long by 20 feet wide and 18 inches deep. The full capacity of 
a pan is 200 barrels a day. The fuel used for evaporating the brine is 
anthracite coal dust, which costs $1.65 per ton. · The brine runs contin· . 
uously from the vats to the pans, and the salt is constantly.depositing 
in the bottom of the pans and is frequently drawn out with long.handled 
scrapers upon sloping shelves at the sides of the pans. After drain~ 
ing a while it is taken to large storage bins, where, ~fter drying for two 
or three weeks, part is put into barrels for shipment, part is shipped in 
bulk, and part is dried, bolted, and ground for different grades of dairy 
and table salt. The dryers are two closed cylinders of boiler iron 33 
feet long, 6 feet in diameter, traversed by steam pipes, and kept revolv-
ing. The salt enters one end of the dryer, passes gradually through it, 
and issues, dry and warm, from the opposite end. It is then c;arried 
by elevators to the third story, whence descending, lumps are taken 
out by sieves, the salt is bolted, ground, put by women into small sacks, 
which are thrown into wooden tubes, down which they are carried by 
their own weig·ht into the packing-room. Three boilers furnish steam 
for the so.horse-power Corliss engine and seven smaller engines that 
propel the drying and grinding machines and the pumps. The build-
ings cover about three acres~ the main building being 520 feet in length." 
The following analyses show the character of the artificial brine 
pumped from the wells: 
.Anal11Be8 of Wa1·Baw brines. 
Sodium chloride ........... . 
Calcium chloride . ......... . 
Calcium sulphate .......... . 
Magnesium chloride . ...... . 















. 100. 000 100. 000 
Specific gravity...... . . . . . . . 1. 205 .. _ .. _ .. _. _ ••. 
Saturation . . . . . . . . . . . . . . . • • . . • . • . . . . • . . . . . 95. 
2:MR-53 
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The Warsaw salt is all made by evaporation by artificial heat, no solar 
salt being produced. A number of grades are made, sold under differ-
ent trade names, ,and some salt is sold as a fertilizer, in the shape of 
"common fine," and known as •' agricultural." The following analysis 
of the Warsaw salt is published uy one of the companies: 
, ______________ ,! Per cent. 
Sodium chloride ............................. . 








Prof. J. S. New berry has published the following account of the geolog-
ical origin of the New York salt beds: "All the salt deposits of New 
York apparently occur in one formation, that which has been called for 
that reason the Onondaga salt group, or, more recently, the Salina forma-
tion, a part of the Upper Silurian system. This seems to be the deposit 
of a great salt lake that occupied c.entral and western New York, north-
ern Pennsylvania., northeastern Ohio, and southern Ontario. Its out-
lines are not definitely traced, and may have been quite irregular, but 
probably included an area as great as that of Lake Huron or, perhaps, 
Lake Superior. In this lake, besides the land wash, which is now repre-
sented by the colored shales and marls seen about Syracuse, were depos-
ited great sheets of gypsum a.nd rock salt, and when the water surface 
was more extended, the impure limestones that form the well-known 
W~ter-lime group, from which so much hydraulic cement is made on the 
Hudson an din central and western New York. About Goderich, Canada, 
near the northern margin of tue old ~alt lake, rock salt has been found 
in a number of wells, forming beds from 2 to 65 feet in thickness, inter-
stratified with gypsum and water-lime. At Sandusky, Ohio, near t,he 
western border of the old lake, where its sediments are not more than 
40 feet in thickness, they include beds of gypsum that are the basis of 
an important industr~·- At Syracuse the salt is not obtained directly 
from tbo Salina formation, but from brjne pumped from wells that pene-
trate a great ma~s of an<l, gravel, etc., that fills one of the old buried 
channels formed when the continent stood higher aboYe the ocean than 
now-before the ice period, when they were to a large extent filled a,nd 
obliterated-and its surface wa8 deeply scored along the lines of drain-
ag . The old channel at Sali11a, cutting aero s the strata, receirns the 
drainage from <leeply buried beds of salt, long ago suspected to exi t, 
which have lately been di ·cov red by borings in the country south. Salt 
b ing very 'Oluble, rain falling on the urface and penetrating the rocks 
to he e 1 .d' of ·alt ha · radually di solved them to form brine, which, 
flowinff own t a low r level, ha, filJed the re ervoir formed by the old 
chaun 1 r f~ rr d to, and from thi. ua be n pumped up an i evaporated. 
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"The salt deposits of the Salina group exhibit an interesting diver-
sity of composition. Some are almost chemically pure, while others con-
tain a large quantity of chloride of calcium, chloride of magnesium, sul-
phate of magnesia, etc., which constitute the' l>ittcrns' of the salt-boilers. 
These differences are apparently the result of different conditions under 
which the precipitates were made. Salt water contains a great variety 
of substances held in solution, among which gypsum, common salt, sul-
phate of soda, su1phate of magnesia, and the chlorides mentioned are 
the most abundant. When it is evaporated, ihese salts are thrown 
down in the inverse order of their solubilities. For example, the sulphate 
of lime (gypsum) being the least soluble is first deposited; then, when 
the solution is more concentrated, chloride of sodium and the other salts 
in order, until :finally only the deliquescent salts mentioned are left. 
These have such affinity for water that they do not exist in nature except 
in solution, and, after being artificially prepared, rapidly absorb moisture 
from the atmosphere. These facts give us an explanation of the varying 
purity· of the salt, and the occurrence in certain places of great sheets 
of gypsum. Where a land-locked basin receives the drainage of the 
surrounding country-which, although apparently pure water, always 
contains some salts-by evaporation, the water becomes 'salt,' a charac-
teristic of ~11 undrained lakes, Great Salt lake and the Dead sea being 
good examples. If such a solution should be further concentrated, the 
least soluble ingredient, gypsum, would be first thrown down, and a 
sheet of this might be precipitated while yet all the other saline con-
stituents were held in solution. With further evaporation, a belt or 
margin of gypsum would be left around the shallower portions of the 
lake, and chemically pure salt would be deposited when the concentra-
tion passed the point of saturation fpr salt. The diminished waters, now 
retiring to the deeper parts of the basin, would leave behind them in 
places sheets of pure salt, while the precipitates subsequently made 
wo·uld contain an abnormal quantit-y of bitterns. Just such a re~ord we 
seem to have in the sediments of the old Salina lake, as wen as in those 
of later date in other parts of the world, the salt of certain localities or 
certain layers being nearly pure, while that of other localities or layers 
contains an .undue proportion of impurities. The salt basins of the upper 
Ohio and of Michjgan, both <listinct from and of later age than that we 
have been considering, show the same peculiarities. By some writers the 
gypsum of the Salina group, as well as that of other formations, is attrib-
uted to the action of acid waters on carbonate of lime; but the contin-
uous sheets of gypsum contained in the Salina group, separated by thin 
bau tls of pure limestone, disprove tuis theory. They a.re evidently chem-
ical precipitates from saline waters, alternating with the limestones, 
which were formed from the hard parts of organisms inhabiting the water 
during the intervals when it was pure enough to sustain animal life." 
Pennsylvan'ia.-There are sixteen establishments in the State engaged. 
in making salt. Of thesb only four have reported for 1884, in which 
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year they employed 51 hauds and paid $26,071 in wages, t~e total value 
of their products (including, however, somA other chemicals)· being 
$121,468. 
Uhio.-The production of 1883 is estimated at 350,000 barrels, worth, 
at G6 cents net· at the works, $231,000; and in 1884 at 320,000 barrels, 
worth $201,600, at an averG1,ge net value of 63 cents per barrel. It is 
possible that these estimates are understatements, as the returns are 
Yer;y imperfect. The reports made by the counts clerks to the secretary 
of state placed the make for the year ending March :u, 1884, at 2,489,000 
bushels (497,800 barrels), and the total value of the product at $557,810; 
but there js evidently an error in theRe figures, as the valuation would 
indicate au average price of $1.12 per barrel, or nearly twice as much 
as the actual rate, the highest average for 1883, as est-i.mated by man-
ufacturers, having been 70 cents, and that for 1884 only 67½ cents, while 
the rates given above, 66 and 63 cents spot respectively, seem to be 
warranted by reports received. The valuation given by the county 
clerks may perhaps include bromine or other by-products; but if this 
were the case it would hardly explain the entire .discrepancy, and the 
county clerks' figures are therefore not adopted. 
The great :fl.qod in February, in addition to the depression caused by 
low prices, had the effect of reducing production in 1884. 
The following account of the Ohio salt industry is condensed from a 
recent description by Prof. Edward Orton. Salt is made in the follow-
ing distrfots, named in the· order of their production: {l) the Pomeroy 
or Ohio Valley district, Meigs county; (2)'the Tuscarawas Valley dis-
trict, Tuscar;1was county; (3) the Muskingum Valley district, Mus-
kingum county; ( 4) the Hocking Valley di~trict, Athens, Morgan county; 
(5) the Cambridge district, Guernsey county and Noble couuty; (6) the 
Eastern Ohio district, Columbiana county. The brine is obtained from 
two horizons~ the Logan, or Upper Waverly sandstone (frequently CQn· 
glomeratic), and the Berea grit, or Lower Waverly sandstone. To the 
fir tare to be referred all the wells except those belonging to the Tus-
carawas valley and the eastern Ohio fields. The strongest water found 
in the State is about 10° Baume, and water of tbis strength is derived 
from both the salt horjzons. The manufacture is in a more or less de-
pressed or un ati factory condition throughout the State. This depres-
sion arise from the sharp competition which ha. prevailed in all west-
ern salt markets during the la t ten or fifteen years, and especially from 
the competition ari ·incr from :Michigan salt, which has brought the price 
too cl e to the co t of production in Ohio to make the bu ·iness a ound 
arnl trrowing indu try. 
'I b -=·alt w 11. of th Pomeroy di. trict are the mo t prominent. The 
itt. burgh eoal . eam ha an excellent deYelopment at Porn roy. It 
lie: al on 1.30 f,,et aboY low water in the Ohfo. It bas a, tbiclrne of 
4} fP<>t iner~!a:ing in tl1 · ·wamps to G feet. A large area irnmcdiat ly 
acljoiniu•,. th riY r originally h Id the cam, :rnd miuiug ha b en car-
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ried on vigorously for a long term of yearR. The seam is not homo. 
geneous, bnt it consists of two benches . quite uncq ual in thickness and 
also in quality. The lower bench, 3 to 3¼ feet thick, is of a much better 
character-than the top be~ch. The latter is 12 to 15 inches in thickness 
and is high in ash and sulphnr, and also carries a cannel streak. It 
was long ago fourn1 that the character of the entire seam was greatly 
lowered by sending out the top coal, and it finally became necessary 
to reject it altogether from the coal supplied to the river market. A 
large amount of coal, oqe-quarter ?it least of the entire seam~ was there-
fore to be thrown into the waste, cumbering 'the mine and reducing the 
output. To use this inferior coal and also the slack and screenings 
produced by mining, it was decided by the proprietors of the Pomeroy 
:fi.e1d to establish salt · furnaces, provided a supply of brine could be 
obtained. 'l'be Ohio Valley salt interest was thus distinctly based upon 
the low.grade coal of the upper bench of the Pittsburgh seam at this 
point. Drilling for salt water was begun about 1850, and a good supply 
was found at a depth of 1,010 feet in the pioneer well of the Pomeroy 
· Salt Company. A smaller supply was passed at 300 feet in the Mahon-
ing ~andstone. The well head is about 60 feet below the level of the 
coal seam, making the main salt rock about J ,075 feet beneath the 
Pomeroy coal, or about 600 feet below the place of the Nelsonville coal. 
This shows the salt rock to be the Logan sandstoneorUpperWaverly, 
which has already been found snpplying the salt wells of both the 
Muskingum and the ~ocking· valleys. The brine ,is supplied in good 
quantity. For some time after drilling the first wells it flowed from 
the well beads, but it was soon found necessary to pump the brine, and 
the length of the lift bas been gradually increased until the present 
time. It is now lifted about 500 feet. The well is cased to 600 feet, 
and the salt water rises about 100 feet in the casing. Aside from this 
there is no falling off iu the supply. The strength of the brine is mod-
erate, reading about 10. 75° on the Baume scale. This strength has bee~ 
uniformly maintained in alJ of the wells, except when one or another 
may be temporarily in va<led by fresh water from above. The brine 
carries but a small amount of sulphates, but it holds considerable iron, 
. and, like other Ohio brines, is extraordinarily rich in bromides. There 
are now in operation in this district 15 furnaces. At one time there 
were 2G in operation-13 on each side of the river. The business was 
fairly successful.from its beginning until the end of the war. After 
the war was ended the work of resupplying the southern States with 
salt, for which Ohio was most advantageously sjtuated, brought an 
ext raor<lina.ry hut short-liYed prosperity to this field, which in the encl 
proved a real misfortune. The success of the business at this time at-
tracted $2,000,000 of new capital, and the production was brought up 
to a maximum of 1,~00,000 barrels annually-a larger quantity of salt 
than tlie regions naturally tributary to the Ohio valley could make·use · 
of. At about the Ra.me time the competition of Saginaw salt began to 
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be felt, and the Ohio valley manufactnre has since been carried on at 
a confessed disadvantage. The barrel in which tlie salt is packed cost::; 
not less than 30 cents, southern Ollio oak, which is the most acces-
sible lumber supply, qeing ·discarded and replaced by ·elm and other 
white woods, mainly from northern Ohio. The price of salt on the 
yards falls as low as 70 cents (and lower) at times. This leaves 40 cents 
for manufacturing and packing iso pounds of salt. . It requires great 
skill in management and great economy in every expenditure to make 
7 pounds of salt for one cent and save any profit. But in reality the 
manufacture is not conducted with the highest degree of economy. As 
previously stated, the upper bench of the coal mined here, together 
with the slack produced in mining, was the original reliance of the salt 
furnaces as to fuel, and most of them adhere to the old practice. A 
few, however, use the whole product of the mines, and it is a question 
whether the superior efficiency of the fuel derived from the entire seam 
does not fully compensate for tbc increased expense. For transporta-
tion Pomeroy has maiuly relied upon the Ohio river, but within the 
last few years railroads have reached the town, and salt can be shipped 
by them at fair advantage when the river is not aYailable. 
In what is known as the Tuscarawas Valley salt field, three furnaces 
are now in operation: the Sugar Creek Sa,lt Works, at Canal Dover; 
the Dover Salt Works, at Canal Dover; and the Goshen Salt Works, 
3 miles above New Philadelphia. Each of them depends on a single 
well, and each uses the entire product. The capacity of the three is 
about 60,000 barrels per year, the Sugar Creek Company producing more 
than either of the others. This field is generally counted the most suc-
cessful in Ohio at the present time. The _wells are about 900 feet in 
clepth, an of them reaching unmistakably the Berea grit, w hicll yields gas 
in connection with the brine. The water now requires to be Ufted 500 
feet. Its ·trength is about 10° Baume, sometimes gaining a little on this. 
The New PMladelphia well was the first to be drilled, in 1806-'67. The 
object sought for in drilling was oil. The other wells followerl in close 
succession. A fourth well drilled near Dover failed to produce brine, 
but t:Lte supply of brine may be counted as practically unlimited. TLe 
quality of the salt produced is good. It finds its chief market in central 
Obio. There is but a small proportion of sulphates in the brine. The 
proce es used in the manufacture are a blending of the ol<l and new. 
St am is used in the evaporation in part only. Two of the companies 
mine their own coal, depending on the Middle Kittanning or No. G ' ram, 
which i very accessible. The Sugar Creek furnace make nse of ~lack 
xclu ively, drawing it supply from the Pike Run and Cam bridge miu s. 
The cott Salt Work , 3 miles above Cambridg ~, on th line of the 
tral Ohi railway (Baltimore and Ohio), are tl1e only important 
w rlrn in u rn, y county. Their production i, about 4,GOO barrel p r 
yE>ar. Tw or three small furnace are situated in the ·will. Or •ek 
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valley that have outlived their usefulness, but that still maintain a 
feeble production. Two wells have been drilled at Scott's works. The 
main salt rock lies here 620 to 650 feet below the Cambridge coal, which 
shows it to be the Logan 1$andstone. They are begun near the level 
of the middle Kittanning seam, upon which they depend for fuel. They 
are thus seen to agree with the Scott wells a.::, to the horizon from which 
the brine is derived. The brine is weak, not rising to 10. 7° Baume, but 
it is ·said to be unusually free from impurities. The percentage of su-1-
phate of lime, of iron, and of bromides are all low. The pea coal and 
the slack of the large mine that is worked here furnish all the fuel for 
the furnaces. The salt has an excellent name i11 all of the markets that 
it reaches. The Wills Creek valley was one of the early sources of Ohio, 
salt. All of the early wells bored here are said to have found a notable 
quantity of gas in the salt rock. 
Quite an extensive production of salt ~as maintained in Columbiana 
county for a number of years, the manufadure being chiefly confined to 
the valleys of Yellow Creek and Little Beaver, but it has almost en~ 
tirely disappeared under the competition that has come in from outside 
fields. One furnace is still in operation near New Lisbon, and several / 
have been operated within the last few years in the Ohio valley Qelow 
East Liverpool. The horizon from which the salt water is derived 
clearly ·seems to be the Berea grit. The brine is weak, not · e4ceecling 
50 or 6° Baume. 
Noble county is to be credited with a single salt, furnace, now, or re-
cently, in operation. The well is shallow, and the brine is derived from 
a Coal Measure sandstone, probably one of the divisions of the Mahon-
ing sandstone. • The production is insignificant. 
West Vi-rginia.-The salt industry of this State, also, is in a depressed 
condition, due to the recent sharp competition. The brine wells are 
mainly in Kanawha and Mason counties. The output is est imated by 
Dr. J. P. Hale to have been only about 320,000 barrels, of 280 pounds, 
in 1883, or 20 per cent. less than iu 1882. In 1884 . the yield still fu r -
ther declined, and probably did not exceed 310,000 barrels. The average 
value at the works in 1883 was about 66 cents, and in 1884 about 63 
cents per barrel. 
Estimatbd production of salt in West Virginia, 1882 to 1884, inolusfoe. 
Yea.rl!I. Barrels. Vnlue. 
1882 . . •.•.••..• ···--· ••••••.•.••. . ..........•..•••. ·--· ···-· · .•• . . • . . .•••. • · -··.... 400,000 
1883 . ... . . ..... ·-···· ....•......... ·- ..... -· ...•••• · -·· ... --·. - . . . . . . . .. . .. . . . . . . . . 320, 000 
1884 .............. .-...........•........ - . ...... ·-·-···-·-···--··--····--··········· 310,000 
$300, 000 
2ll , 200 
105,300 
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The earlier history of the salt manufacture of Kanawha.co_untyis shown 
in the following table, prepared by Dr. Hale: 
Production of salt in Kanawha co,unty, West Virginia. 
Ye"'8. I Q~tity. II ------Y-ea_r_s. _____ 
1
_Q_u_an_t_ity_. 
1797 . ................ pounds per day.. liiO J 816 ............. .. bushels per year.. 3, 224, 786 
1808 .... .. ...... .•. bushels per day.. 25 1847 . . : ........... . ............ do.... 2,690,087 
1814 ...... ..... ..... bushels per year.. 600,000 1848 .... . . .... . ....•.... ....... do.... 2,876,010 
1827 .•............ ...... . ....... do.... 787,000 1849 .......................•.. do.... 2,951,492 
1828 ...... .. ................... . do .... 863,542 1850 ........... . .... ........• . do .... 3,142,100 
1829 ..................... . ..... . do.... 9~9, 7G8 1851 ........... ....... •. ....... do .. -· 2, 862, 676 
1830 ....................•.. .. .. do . ... 906,132 1852 ........................... do.... 2,741,570 
1831 ........................... . do.... 956,814 1853 ..........•................ do.... 2,729,910 
1832 .. . ...... ..... ... ........... do.... 1,029,207 1854 ......... . ................. do.... 2,233, 86a 
1833 ... : . •...•.................. do. . . . 1, 288, 873 1855 ...........•............... do. . . . 1, 49B, 548 
1834 ............................ do. . . . 1, 702, 956 1856 ........................... do. . . . 1, 264, 049 
1835 . . . . . . . . . . . . . . . . . . ... ...... do.... 1, 960, 583 1857 . . . . . . . . . . . . . . . . . . . . . . . . . .do.... 1, 266, 749 
1836 . . . .. . ...................... do .... l,7G2,4l0 1858to 1863 ........•................. (a) 
1837 ... ...... ............. ..... . do... . 1,880,415 1864 ........................... do... . 1,300,991 
1838 ...... . .. ...... . .. ... : ...... do . . .. 1,811,076 1865 ........................... do.... 861,973 
1839 ............................ do.... 1,593,217 1866 ......... . .••.. ... ......... do.... 1,275,017 
1840 ...................... . .. ... do... 1,419,205 1867 ............. ............ .. do.... 1,321,066 
1841 ....••••.•.•. ... .... .... ..•. do . .. 1,443,645 1868 ..............•...••....... do.... 1,528,282 
1842 .. ....... .. ... . ... .......... do .... 1,919,389 1869 ........................... do .... 1,822,430 
1843 ............. ............... do.... 2, 197,881 1870 .................. ..•.... . do . ... 1,721,963 
1844 ............................ do .. . I, 874, 919 1871 to 1874 . . . . . . . . . . • . . . . . . . . . . . . . . . (a) 
1845 .................... ........ do.... 2,578,499 1875 ......... .. ..............•. do... . 967,465 
a No records. 
Virginia.-Rock salt and brines occur at Saltville, Smythe county; 
and brines are also met with in Washington and Lee counties. The 
Norfolk and Western railroad carried 1,214 tons of salt in 1882, and 
11;482 tons in 1883, the source of which is not reported. Mr. Thomas 
Radcliffe makes the following statement as to the salt of the Holston 
·valley, near Saltville: "A specimen of the rock salt sent by the super-
intendent of the salt works was brownish red in color: with a crystal-
line structure, and was obtained while deepening one of the sait wells. 
This rock salt is not mined, the brine alone being used for the mann· 
facture of salt. The capacity of the works is at present 450,000 bushels 
per year, though at one time during the late war the yield was as high 




Sodium chloride ...... . ......................... . 
Potassium chloride .. . .... . ..................... . 
ii:~il~~~;~~: .:  : : : : : ~ ~: ·: ~ ~ ~::::::::::::: 
Silica. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... __ .. . 









"An analysis of the marketed alt gave 98.89 percent. sodium chloride, 
with a small percentage of calcium sulphate, water, and a trace of mag· 
ne ium ulphate. bowing it to be a high.grade ·alt." 
North Oarolina.-Ther are brin weU , not largely utilized, in the 
T.ria. ·ic b d of Cba1.ham, Orange, and Rockingham connti . 
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Louisiana.-The great rock salt mass of Petite .A.nse, or Avery's isl-
and, near New Iberia, in the southern pµ,rt of the State, is p_ractically 
the sole source of commercial salt in the State. Its product, however, is 
very great, and could be in<?reased with a more favorable market. Mr. 
William Crooks, superintendent of the American Salt Company, operat-
ing the Petite .Anse miue, furnishes the following statistics of its output 
during the past three years : 
Prod1wtion of the Petite· .Anse mine in 1882, 1883, and 1884. 
Grades. 1882. 1883. 1884. 
Short tons. Short tons. Short tons. 
Lump . . . . . . • . . . • . . • • • • • • • • • . . . . • . . • • • • • • • • • . . . . . . . . . . . . . • • . • • • • • • 20 405 1, 485 
g~;~:c~:::: :: : :::::::::::::: :: : : ::::::: :::::: :::: ::: :: : : :: ::::: :: 1~: m ~~: ~~g 1b: ~~g 
Fine . . ..... .. . .. ....•• ., . • • • • • . . . . . . . . . . . . • . . . . . • . . • . . . . . . . . . . • . . 2, 940 3, 625 6, 280 
Table . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . • • • • . . . . . . . . . . . . . 25 290 
Total . .. ...... ........... . ... . . . .............. . .... . . . .... . 25,550 37,130 31,355 
The Petite .Anse mine is about 160 miles west of New Orleans and 
about 180 miles east of Galveston. It was very fulJy described in the 
previous report, pages 558 to 565. It is an immense block of rock salt, 
estimated by Professor Hilgard to contain about 2,800,000 short tons in 
sight, and by the company's engineer to contain, 9onditionally upon 
certain measurements and estimates, 28,600,000 tons. The salt is 
heavier than made salt, the company claiming that a bushel of rock 
salt weighs 110 pounds. Analyses of the salt are as follows: 








0 cD 0 
j C!l = 0 i:q ::l H • bl) 0 i s 00 0 ,c;: o= :;:I 1-:, cD 0 ,c;: 00 .l P=I E-1 H = 
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~ r4 0 = p,. A 1-:, ~ A C!l 
I>, I>, I>, I>, ~ I>, I>, I>, 
~ i:q i:q i:q /:q IXl i:q /:q 
Sodium chloride . • • •. . . . . 08. 900 98. 88 98. 88 00. 880 . 99. 617 '98. 731 99. 0972 09. 252 
Calcium sulphate . . . . . . . . . 838 • 76 . 79 · • 126 . 318 
Calcium chloride ... .. .... . 146 .13 trace . trace .. ... . . . . ... . 
1. 192 . 7293 . 694 
trace... ... . ..... . . 042 
Magnesium chloride . . . . . . 022 • 23 trace _ ... . ..... . .... . . . . 
~:~ri~i~~=~E!~~::::: ···· ·:oi4- :::::::: :::::::: :::::::::: ---- -~~~~-
. 013 · ·•···. .•. . 012 
.1584 ..•..... 
. 034 . . ..............•. 
Moisture at 300° F. . . . . . . . . . . . . . . . . . ....... . ... _ . . . . . . . . . . . . . . 003 
Moisture at 220° F . . . . . . . . 080 . .. - . . . . • 33 . . . . . . . . . . . ........ . .030 .0389 
-----------1---,-----1-----1----
100. 000 100. 00 100. 00 100. 006 100. 000 100. 000 100. 0238 100. 000 
The grades of Petite Anse salt are as foll~ws: ''Lump" is the·rock, 
jUSt as mined, in lumps of 50 to 300. pounds, and is used by stockmen; 
"crushed" is the salt broken by rock-crushers and screened into va-
rious grades, corresponding to Turk's island and the different sizes of 
solar salts ; '' coarse 1' is made finer than the last by grinding it to cor-
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respond in grain with Liverpool coarse or "ground alum," as it some-
times is called; ":fine" is ground still smaller, and corresponds to Liv-
. erpool fine; " table" is ground for table use. The price at the mine 1n 
1884 averaged: Lump, $6; crushed, $3.50; coarse, $3.75; fine, $4.75; 
, table, $5~ per ton. 
The other principal salines of Louisiana were ·described by Professor 
Hilgard in the 1882 report. They consist of salt licks, brine pools, 
lakes, etc., in the northern part of the State. The salt from these is 
used to a small extent locally, but is not on the market. ..t\.. little sea 
water has been boiled at times along the gulf coast between the mouths 
of the Mississippi and ..A.tchafalaya rivers. The amount thus produced 
i.s at present insignificant. 
Texas.-..A. number of extensive lagoons or sea marshes are met with 
in the neighborhood of Corpus Christi and farther west, where salt 
forms by natural evaporation of the water which floods them at periods 
of very high pides. This salt is gathered and used to some e~tent by 
ranchmen and others. There are also salt lakes of considerable extent 
farther inland, in Hidalgo and Cameron counties, where the salt formed 
naturaliy bas a small local use; and in the northwestern pa,rt of' the 
State, near El Paso, are similar lakes, which before the advent of rail-
roads supplied the population on both sides of the Rio Grande. A lit-
tle salt has been made at Graham, Young county, at a small b lock, 
making salt from brine with the aid of natural gas. Regarding oue of' 
the Hidalgo county salines the following description bas been furnished: 
La Sal del Rey lake is in form an ellipse, about 1 mile in length and 
-5 miles in its circumference. Its depth nowhere exceeds 3 or 4 feet, and 
i.ts bed consists of pure rock crystaft salt. The water is a brine of 
unusual strength, which crystallizes with such rapidity that if a 
large quantity of salt is removed from the bed of the lake one day, 
it is said that its place will be found filled witb salt of a similar 
quality the next. This indicates that the supply of' salt is 'very great, 
while in purity it ranks very high, as shown ' y an analysis by Dr. 
Riddle, which gave 99.09 per cent. sodium chloride, 0.51 per cent. in-
soluble matter, and traces of magnesium sulphate. 
Iil-inois.-The salt wells of Gallatin, Jackson, Marion, Vermillion, 
Saline, and Calhoun counties have produced very little salt of late 
years. 
Indiana.-There are saline springs or borings in the sub-Carboniferous 
rocks in Putnam, Warren, Jackson, Clark, Floyd, Scott, Harrison, 
Fountain, li'ranklin, Dearborn, and Vigo countie . The salt production 
of Indiana is mall, owing to the competition of the supplies from the 
neighboring States. 
Kentucky.-Brine is obtained and e,aporated from wells in the ea t-
rn co I fl Id and the uh-Carboniferous limestones of the western part 
of th at . There are al o weak briue in the central countie . 
Tenn~s.·ee.- h r are alt works in White, Anderson, and Overton 
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counties. Brine bas been found in borings for petroleum in some of 
the central counties. 
Missoitri.-There was formerly a considerable production in Saline,' 
Sainte Genevieve, and je:fferson counties; bqt the industi:y has de-
clined. · 
Kansas.-There are a large number of brjne wells and some deposits 
of rock salt, said to be very extensive, in this State ; but the output of 
salt is not large. 
Arkansas.-Rock salt is found~ in Dallas and Hot Springs counties, 
but has not been utilized to any extent . 
.Nebraska.-Several iprings have been found along Salt creek, Lan-
caster county. , 
Rocky Mountain region.-Salt js found in considerable quantities 
in various portions of the Rocky mountains, from Montana to Mexico, 
both in salt springs·and as salt beds or deposits. In the Yellowstone 
valley salt springs· occur frequently, but no effort has yet been made to 
utilize the brine in the manufacture of salt. In Wyoming, rock salt is 
said to occur in extensive beds in the western portion of the territory, 
and in Crook county, west of the Black Hills. At Jenny's Stockade, 
Dakota, a number of springs furnish an excellent quality of salt, and 
the supply of brine is abundant. These springs are owned by Captain 
Da yey, of Galena, Black Hills, who has evaporated a considerable quan-
tity of brine and sold the salt. He has manufactured during the latter 
part of 1884 about 3 tons of salt daily. This salt supplies the Black Hills 
towns. 
In. the South Park, Colorado, there are a number of salt springs. Be-
fore 1870 works were erected with a capacity of many barrels of salt 
daily, but for some reason they proved a failure and have not been run-
1iing for years. It is not possible to ascertain how much salt has been 
produced and marketed. 
In New Mexico, on the great plateau of the Rocky mountains, south-
west of Canon Blanco summits, are the Salinas, which furnish a large 
quantity of good salt. The greater portion of New Mexico is supplied 
from here, it being freighted to Santa Fe, Las Vegas, to the towns along 
the Rio Grande, and even to Chihuahua. The only cost is that of trans-
portation. It occurs in quantity in many places in New Mexico, often 
mixed with alkali, and also pure in lakes. The evaporation in the salt 
lakes annually makes a deposit of salt several inches in thickness, coarse, 
strong, and of the best quality. It has often been taken to the city of 
Chihuahua for sale, as the salt of that State is inferior, being mixed with 
alkali. The principal lakes are in the valley between the Organ and 
the Sacramento mountains, one lake on the Texas line, and the best one 
60 miles northward, and another large and excellent one about 60 miles 
sou1;h of Santa Fe, near the town of Manzano, whence many wagon 
loads are regularly c~rried to Santa Fe and other distant points, the 
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article forming quite a commodity of interior commerce. These salt 
lakes have been used as public property. 
Utah.-Rock salt deposits in great masses are found in San Pete 
eounty; this rock salt is usually tinged with red or brown clays, but 
occasional lumps are as clear as crystal. Salt also occurs in large 
quantity in Juab, Millard, and Sevier counties, and small amounts 
have been taken from a .number of localities in the Territory. At pres-
ent, however, almost the whole production comes from the waters of 
Great Salt lake. The method of obtaining the salt is to overflow 
marshes or basins in tlie spring, shutting the water in by dirt walls. 
Solar evaporation causes a deposit of salt to be formed. The expense 
of gathering it is very light, the cost being mainly in handling it to the 
rail way, from 3 to 10 miles from the salt flats. The largest shippers 
are Lyman & Wallace, but other firms and pe.rsons are engaged in the 
business. The quality of the salt is in proportion to the care bestowed · 
on its manufacture. Good table. salt may be selected from the evap-
orated salt, but there is usually too much dirt, consisting of dust blown 
in from the adjoining lands. The chief demand is for use in silver mills 
in Utah, Idaho, Montana, Nevada, and Colorado. The lake supply is 
enormous, as the surface is so great, ranging between 1,750 and 2)00 
square miles in late years ; the mean depth varying from 13 to 18 feet, 
and probably 'being about· 16 feet at present; while the salinity has 
ranged between 14 and 21 per cent., being now about 17 per cent. The 
production during the past six years,as estimated by Mr. J.M. Goodwin, 
of the Salt Lake City. Tribune, is given below. In the spring of 1884 a 
large quantity of salt was lost by the unexpected overflow of some land 
on which it had been piled. 
Salt production of Utah since 1879. 
Years. Quantity. Val11e. 
~:g -............................................................... -. . . . . . . . . Shor11t 22~, 000000 
•• • • •• • •• • .................. •••• ... •··· .. •. •r • •••• •• .... • ..... •. • .... . 
1881. ... - - ...•.•......•. -- -- ....••.•......•....•.•......... ··- ....•..... _. _ ... _ 14,000 
1882 -- - ................. . .................. _ ....... _ .... . .......... _ .......... _ 13, 000 
1883 .... ................. _ ....... _ ............................ _ ....... __ ... _ . . 15, 000 







The average price, loaded on cars, was $4 per short ton in 1883 and 
$5 in 1884. In 1884 about 200 tons (included in the total given above) 
were made into table salt, by boiling and skimming the lake water. 
The following analyses of the water of Salt lake have been compiled 
by Mr. G. K. Gilbert, and will al o appear in his monograph on "Lake 
Bonnevill ," hortly to be published. No. 1 i of a sample taken in 
1850 and analyzed by L. D. Gale; No. 2 is of a ample taken in the 
. ummer of 1869, analyzed by O. D. Allen; No. 3 i of a sample tak n 
m u u t, 1 'i3, anal. z d by H. Ba e t. There are ome light incon-
i. t n ·i in th m1aly , , but they are giv n as originally r p rt .d. 
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.A.nal,rsis No. 1 ,vas taken at an unusually low stage of wate~, and 
showed 22.28 per cent. of solid matter. 
Analyses of the water of Great Salt lake. 
I 
Parts in 1,000 of water. Per cent. of total solids. 
No. I. No. 2. No. 3. No. I. No. 2. No. 3. · 
-----------------,---·!-------------,--
Chlorine . . . • . . . . • • . . • • • • • • . • • . . • . . . . . • • • . . . . . . . . . . . . 124. 5 
Sul~huric acid, (S04) • • • •• • • • • • • • • • • • • • • • • • • • • • •• • • • • 12. 4 
i~~~~:~::: :·:::::: :~:: :::::::::: ::: : : : : :: ::::::::: ... ~~-. ~. 
Calcium . . . . . . . . . . • • . . • • • • . • • • • • • • • • • • . • • . • • • . •• •• • . trace. 
l!fc~~w.::::::: :: :::::: ::::::: ::::: :: :::::::'.:::: ..... ~~-









73. 6 55. 8 56. 0 54. 9 
8. 8 5. 6 6. 6 6. 6 
38. 3 38. 3 33. 1 28. 5 
9.9 .•....•. 1.6 7.4 
. 6 .•...... .2 .4 
. 3.0 .3 2. 5 ... 2.2 
222. 8 149. 94 134. 2 100. 0 100. 0 100. 0 
Theoretically CC?mbining acids and bases, the results are as follows: 
Parts in 1,000 of water. /Percent. of total solids. 
I 
No. I. No. 2. No. 3. No. I. No. 2. No. 3. 
-----------------,---1----1·--------
Sodium chloride • • • • • • • • • • • • • • • . • • • • • • • •• • • • • • • . . . • . 202. 0 
Potassium chloride .........••....••••• - ................. . 
Magnesium chloiide...... . • • . • • . • . . • . . • • . . . • . . . . . . . 2. 5 
i~i~~:u':1~:1~i:at;::: :::: :: :: : : : : : :: : :: : :: :: : :::::: ... ~~~ ~. 
8t~~~!\ :~~~~::~::::::: : : : : : : : ~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
118. 63 91. 8 90. 7 79. 1 67. 7 
18. 9 .•... .. . .... . . .. 14. 0 
14. 91 11. 9 1. 1 9. 9 8. 8 
9. 32 10. 9 8. 2 6. 2 8. 0 
5. 36 ••••.. .. • •••. ••. 3. 6 .•••••.. 
.86 2.0 ........ .6 1.5 
.86 ........ ........ .6 ········-
222. 8 149, 94 135, 5 100. 0 I 100, 0 100, 0 
Oalifornia.-For information in regard to the occurrence of salt in 
the Pacific division, including production, consumption, exports, etc., 
the reader is referred to the first volume of these reports, where the 
subject is treated with considerable fullness. During the past two 
years salt has been produc~d in that section of country from the same 
sources and at about the same rate as before, the output in Cali-
fornia having been in 1884 somewhat less than usual, owing to the 
shortness of the working season. The number of tons· of salt produced 
in California during the past five years has been as follows, the quan-
tity made and consumed in the State over ~nd above receipts reported 
at San Francisco being estimated: 
Years. 
1880 .••..... . ····••··••· ..•......•...•.••...•.. 
1881. ........................... ··•··••••••·••· 
1882 .......................................... . 
1883 .•••...••....•... ····••···••••·••····· · ·•·· 







More than nine.tenths of this salt was made by the various companies 
operating on the eastern shores of San. Francisco bay, in .Alameda 
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county, where extensive vats or reservoirs for solar evaporation have 
been constructed. The importations of salt at the port of San Francisco 
during the past five years have been as follows: 
Imports of salt at San J!'rancisco. 
1880. 1881. 1882 . . 
Pounds. Pounds. Pofl,'T/AU. 
English . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 828, 066 7, 745, 468 12, 841, 212 
Garmen island........................... 3, 542, 000 2, 730, 000 761, 600 









Total.............................. 17,370,066 10,475,468 14,802,812 8,564,924 8,515,000 
From the foregoing it will be seen that as the local produ~t has been 
increased importations have fallen off, and . that the latter may ulti· 
mately cease altogether, as the California.made salt is every year being 
slightly reduced in price and at the same time improved in quality. 
Formerly it was considered unfit for meat packing, dairy, or table use; 
now it is largely employed for all purposes, being liked nearly as well 
as the Liverpool. The rate at which the manufacture of salt in Cali· 
fornia bas increased in value and importance is indicated by the fol-
lowing table: 
Progress of the salt industry of California. 
Bushels 1nade ........... . ...................................... ...... . . 
Value ..............................................•...•............... 













The following statement shows the condition of the industry in Cali· 
fornia in 1883 : 
Number of companies ................... ............ . ...................•..•.•..•... :........ '1f1 
Companies making salt by solar evaporation of sea water . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 24 
Companies working natural salt beds ....................................................... 22 
Evaporating salt water from wells by graduation......................... •• • • . . •• . • . . •••• •• 1 
Nnmbt<r of men employed.......... .................... ....... .............................. 285 
Capital iuvested . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . ... . . . .. . . . . .•. . .. . ... . . . ••. ..•••. $475,000 
Wages paid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . • • . . . . . . . . . • • • . . . . . . • . . . . • . . • • . . $75, 000 
Valuo of annual product.................................................................... $300,000 
Number of reservoirs or vats . ...... ...... ...... .... .. ...... . ....•...... ...... ...•....•...•. 200 
Aggr gate area in square feet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . • • • . • . • .. • . • . . • • • .. ••• • . . 15, 000, 000 
Numb r of tons of salt made from sea wa.ter ... . .. ...... .... .. . ........ .. ....... ...••.•..•.. 27,000 
Nulllhcr of tons of salt made from other sources............................................ 3,000 
'rhe pring rain of California having been protracted in 1884 some 
four or fi rn week b yontl the usual period, shortened the working sea-
, 11 of the lam da county companies to that extent, thereby reducing 
th output of bay salt for the year by about 5,000 tons. 
Th for: ign alt ow arriving at San Francisco comes almost ex-
·lu ·iv •1,' fr m Liverpool, importation from Carmen island, Lower 
Cali£ rni , and Peru having fallen off. Only in l 882 wa any salt im-
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ported from the latter country, 8hipments that year having been due to 
peeuliar cil'cumstances not likely to recur. Owing to the accumulation 
of ample stocks the price of salt. has been low in San Francisco for the 
past two years, Liverpool salt having sold for a part of the time below 
$12 pel' ton, barely enough to cover freight and charges. Owing to the 
shortage of the home product in 1884, prices improved towards tbe end 
of that year, ruling in the early part of 1885 at $15 to $18 per ton for 
Liverpool; California rock salt, $8 to $10; half ground, $10 to $12; 
Carmen island, $14 to $18. The yearly exports of salt, from San Fran-
cisco amounted to between 500 and 600 tons, sent to Oregon and 
Washington Territory. , 
The new sources of salt production in California consist of the exten-
sive' saline opened in 1884 near Dos Palmos station, on the Southern 
Pacific railroad, San Diego county, and a well near the town of Yreka, 
Si:-,kiyou county, which, having been bored to a depth of 675 feet, has 
1--i1ieo discharged a strong brine at the rate of 10,000 gallon~ per hour. 
Salt to the amount of several hundred tons has been produced here by 
tlte method of graduation, and there being a local demand for all that 
c,-u1 be made, the business has proved profita,ble. Salt can not be car-
ried to this portion of the State from San Francisco, the only other ~ap-
plying point, at less than $40 per ton, which enables the local manu-
facturers to charge high prices for their product. 
The Liverpool Salt. Company, owners of the Dos Palmos bed, took 
out last year 1,500 tons of salt, which was marketeq. in the southern 
part of the State and in the-adjacent Territory of Arizona, which locali-
ties will most likely continue to obtain their supplies from that source. 
This company1 having made arrangements for working its deposit on a 
large scale, will probably produce hereafter several thousand tons of 
salt annually. A stratum of nearly pure salt several inches in thick-
ness occurs at this point, covering many hundred acres. Under this is 
a lake of brine carrying from 25 to ·3o·per cent. chloride of sodium and 
said to be free from iron and sulphur. This surface incrustation, hav-
ing been broken up and suffered to fall into tbe brine beneath, is there 
slightly agitated in order to wash off the small quantity of mud and 
sand it contains. This done, it is ready for market, being quite pure 
aud sufficiently clean for ordinary uses. The company has constructed 
large vats for holding the brine, which is evaporated by solar heat, the 
climate being extremely favorable for that system. But little rain ever 
falls in this part of California, and the mean temperatu~e for seyeu 
months in the year is not much below 100° Fah. Works will be put up 
either on the ground or elsewhere for making table and the other fin.er 
grades of salt. The Southern Pacific Railroad Company, with a view to 
facilitating the shjpmeot of salt, has laid down a mile and a half of track 
connecting the salt work with their main line at the Dos Palmos sta-
tion. · 
Nevada,-Tbe Ea,gle Salt Works, Ohurcbm CQl).O.ty, Nevada, produced 
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1,200 short tons of f:alt in 1883 and 1,000 tons in 1884. ~he latter season 
was a bad one, losses beiug caused by rains. The average value at t,he 
works was $5 per ton during tne· two years. The works made 200 tons 
of table salt in each. year (included in the total stated above), the re-
mainder being mill salt used in silver ama]ga.mation, "rock," "stock," 
and "Liverpool fine." Mr. C. M. ·wmey, superintendent of the Eagle 
works, estimates the total output of salt in Nevada at 3,000 short tons 
in 1883 and 2,500 tons in 1884. Were there a market for the product 
the amount made could be increased indefinitely. The salines of the 
RIO Virgen and the others of Churchill, Esmeralda, and Lander coun-
ties were fully described in the previous report. 
The brines from the Buffalo salt wells and from the Eagle works con-
tain. according to analyses by Mr. F. W. Taylor: 
Analyses of Nevada brines. 
Buffalo. Eagle. 
Per cent. Per cent. 
Sodium chloride .. . . .. . . . . • . . . . . . . . . . . 14. 8383 25. 3793 
Sodium sulpb11,te. ...•. .•. .. .. .. . . .. . . .. . . . 5306 ........... . 
Potassium chloride . . . . . . . . . . . .. . . . .. . .. . .. . . . . . .. .. . . . 0023 
Potas!!!ium sulphate. . . . . . . . . .. . .. .. . . .. .. . . 3111 .. ......... . 
Calcium chloride..... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3578 
Calcium sulphate........... . . . . . . . . . . 1467 . ::.897 
Magnesium chloride . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 3787 
Magnesium sulphate................... . . 8833 .......... . 
Silica in solution.......................... trace. . .............. . 
Insoluble 11ilica........................... . . .. . . . . .. . . . . 0028 
Iron and alumina (insoluble).......... ....... ..... .... . . 0004 
Water . . .. .. . . . . . . .. .. .. . . .. . . . . . .. . . . . . . . . . 83. 2900 73. 5890 
100. 0000 100. 0000 
Specific gravity...... . .. . .. .. .. .. . . . . . 1. 1330 1. 2115 
Idaho.-The Onei<la company continues to make 00,lt in Salt Spring 
valley, I<la.ho, the works being 011 the line of the old emigrant road lead-
i ug from South Pass to Oregon. The production here is about 800,000 
pounds of salt yearly, which finds a market in Idaho, Montana, and ad-
jacent parts of Utah. 
A.rizona.-Within the past few years an extensive de.posit of salt bas 
b en found at a point between Do· Cabesas and the Dragoon mountains, 
but as yet it has not been utilized to any great extent. 1t is reported 
as occurring at the headwaters of Salt river and in Tonto basin, Gila 
<:ounty. Along the Verde river it i~ found in association with gypsum, 
ulphate of soda, and ulpbate of magnesia. A little of this salt has 
b en used for cattle. The production is still very small. 
Foreign statistics.-Tho procfuction of salt in Great Britain in 1882 was 
... ,1 5,499 long ton , valued at £G15,3~n; and in 18 3 it was 2,325,720 
long ton , worth £669,760. Of the output in 1883 there were 233,170 
ton· of r ck . alt, 1,989,3S4 tons of" white" alt, an<l of alt contained 
in brine u din tll ammonia, proce. of oda. m,rnufocturc 110,4eo ton:,;;, 
h ,:i ,: a· mall quantity f ,: white" alt made from rock ~alt, not in-
du <l ju tlie t ta!. Th Clle llir di. trict i, tlie lar~ st I roduc r, b~ 
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Durham is growing in importance. The production of France in 1882 
was 380,000 metric tons. Prussia produced 208,240 metric tons of rock 
salt in 1883, while the whole German empire (and Luxembourg) pro-
duced 456,958 metric tons of brine salt and 31 t,907 tons of rock salt in 
1881, and 459,499 tons of brine salt and 3i2,422 tons of rock salt in 1882~ 
In Austria-Hungary the salt trade is a government monopoly, and is 
said to yield a profit of about $10,000,000 annually in Austria and 
$6,250,000 in Hungary, or $16,250,000 in all. 
Among other foreign sources may be mentioned the rock salf of the 
Pyrenees and the rock salt and brines of other parts of B\)ain ; the rock 
salt of Italy and the rock salt and brines of Switzerland; the heavy 
deposits of Galicia; the . salt lakes of Asiatic Russia; the brines of 
western China on the borders of Thibet; the very abundant lakes and 
dry salines of Persia; the rock salt of the Punjaub, India; the salines 
of Morocco, Barbary, Algiers, and south Africa.; and the numerous 
deposits of South America. Sea' salt is made in very many parts of the 
world. 
Anavyses of different salts.-The following table is taken from the 
"American Cyclopedia": 
Analyses of salt from different localities. 
'"C ; 
Localities. .h Authoritie1. 
S.!:i 
~ _________ , ___ -------------1---1---l-----
Rock salt. 
Petite Anse, Louisiana ... . 
Wieliczka, Austria ....... . 
Berchtesgaden ....... ..... . 
Hall, Tyrol ................ . 
Hallstadt, Austria .. ....... . 
Stassfurt, Prussia ......... . 
Vic, German Lorraine ..... . 
Jeb el-Melab, Algeria ..... . 
Ouled Kebbah, Algeria .... . 
Carrickfer~us, Ireland ..... . 
Santo Dommgo . ........... . 
Salt from springs and lakes. 
Onondaga. New York ..... . . 
Pittsburgh, Pennsylvania .. 
Kanawha, West Virginia . . . 
Sagmaw, Michigan ....... . 
Hocking Valley, Ohio ...... . 
Pomeroy, Ohio . ......... .. . 
Cheshire, England . ....... . . 
Dieuze, German Lorraine . . . 
Droitwicb, England ....... . 
Goderich, Ontario .. ...... . . 
2 MR--54 
98. 88 . . • . • . trace trace 0. 79 . . . . . . . . . . . . . . . . . . 0. 33 
100. 00 . . • . . . . . . . . . trace . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
99. 928 . . . . . . . . . . . . o. 07 . . . . . . . . . • . . . . . . . . . . . . . . . ... . 
99. 43 . . . . . . o. 25 0. 12 0. 20 . . . . . . . . . . . . . . . . . . . .... . 
98.14 trace ............ 1. 86 ... ... ..... . ........... . 
94 57 . . • . • . . . . . . . 0. 97 0. 89 . . . . . . 1. 12 2. 23 o. 22 
99. 30 . . . . . . . . . . . . . . . . . . 0. 50 . . . . . . o. 20 ..... .. . . .. . 
97. 00 . . . . • . . . . . . . . . . . . . 3. 00 . . . . . . . . . . . . . . . . . . . .... . 
98. 53 . . . . . . 0. 93 o. 54 . . . . . . . . . . . . . . . . . . . . . . . . .... · 
96. 28 . . . . . . . •. . . . . . . . . . 3. 50 o. 08 . . . . . . . . . . . . 0.14 












0. 53 0. 07 
L 26 0.43 
1. 09 o. 50 
0. 61 0. 04 
0. 53 0.18 
0. 01 0. 02 
.••... ·· ···· 0. 02 
...... o. 01 o. 03 
1. 26 . ... •• .•.. .. ... . . . 1. (10 
...... ...• . . ...... ·••··· 2. 70 
.... .. ...... ······ ······ 7.00 
0. 33 . . . _. . . . . . . . 0. 01 5. 10 
0.10 ....•....... ·· -··· 3. 40 
. . . . . . . . . . . . o. 05 0. 16 2. 66 
1.17 ...... ······ ...... 2.44 
1. 02 o. 89 . . . . . . . • . . . . o. 50 
3. 05 ...... · ···· · ........... . 
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Imports and exports.-The imports of salt into the United States 
since 1867 and the exports from this country since 1790 are shown in 
the fullowing tables. While the quantities are doubtless given cor-
rectly, there are apparel!t d·iscrepancies in the values as reported: 
Salt imported and entered for consumption in the United States, 1867 to 1884 inclusive. 
~J, Cake, over 30 per In bags, barrels, anu In balk. For the purpose of Cl)CQ cent. of potash. curing fiah. ;~ other packages. 
~§ 
I>,~ 
t~ Quantity. Valne. Quantity. Value. Quantity. Value. Quantity. Value. 
Pounds. Pounds. Pounds. Pounds. 
1867 ·--- -· ····· ---------· 254,470,862 $696,570 229, 304, 323 $336,302 ........ .. ... . ---------· 
1868 ··--- -- -- · ......... .. 308, 446, 080 915,546 219, 975, 096 365,458 ·--·- ·---- - ----------
1869 ............. $1,752 297,382,750 895,272 256, 765, 240 351,168 ····· ·--- -· .. ----- · 
1870 ............. 9,698 288, 479, ~87 797,194 349, 776, 433 507,874 68,597,023 $87,048 
1871 . ... .... ..... 2,436 283, 903, 799 800,454 274,730,573 355,318 64,671, 139 66,008 
1872 ----------- 258, 232, 807 788,893 257, 63T, 230 312,569 57,830, 9~V 61), 155 
1873 ............ ----- ----· 339, 494, 117 1,254,818 388, 012, 142 525,585 86,756,628 86,193 
1874 ----------· ·-- ---- 358,375,496 l, 452, 161 427, 294, ~09 649,838 105, 613, 913 126,896 
1875 -------···· 1,867 318, 673, 001 1,200,541 401, 270, 815 549,111 no, 249,440 1'1.9, 607 
1876 ·-- -- -- ·-- · ··-------· 331,266, 140 1,153,480 379, 478, 218 462, 106 11&, 760, 638 12(3, 276 
1877 359,005, 742 1,059,941 444, 044, 370 532,831 ]32, 433, 972 140,787 
1878 ... -·-- · ·--- ... 352, 109, 908 1,062,995 414,813,516 483,909 100, 794, 611 96,898 
1879 2,480 375,286,472 1, HiO, 018 434, 760, 132 532,706 94,060, ll4 95,841 
1880 --- -------· 21,667 400, 9i0, 53 l l, 180,082 449,743,872 548,425 109, Oi4, 446 119,667 
1881 1,397,579 8,187 412, 442, 291 1,242,543 5:!9, 361, 042 658, 068 133, 395, 065 144,347 
1882 8,954,834 55,622 329, 969, 300 1,086,932 390, 100, 228 474,200 134, 777, 569 147,058 
1883 7,863,756 43,363 ill 2,911,360 1,035,946 412, 938, 686 451,001 142, 065, 557 154,671 
1884 a8, 416,147 40,646 340, 759, 010 1, 093,628 441,613,517 433,827 126,605, 276 122,463 
a Classed as "salt cake;" amount of potash not specified. 
Salt, of domestic production, exported from tlie United States. 
Fiscal years ending Sep-
tember 30 until 1842, and Quantity. 
.Tune 30 since-
1790 . . - .. ·-· ...... - · ··-· .. 
1791 ·-- ..... .. .... .... . . 
1830 ···--· · -· ... ·---·· . --
1831 . __ ....... , .. __ . ·-· _ .. 
1832 ·-·--· ... . .. · ·-·-· .. . 1833 . _____ .... .. ____ . __ . _ . 
1834. --· ···- ... ··--- ..... . 
1835. --·- -·. ·-·· ....... ·- . 
1836 . - - ... ___ .... ___ . ___ .. 
1837 ·----- ·----·. ·····---· 1838 . ___ ......... _____ .. _ . 
1839 . ____ . ·-·· · ···--· ·-··· 
1840 ·-·--- . --·. ·- ........ . 
1841 ····- --········ ·· ... . 
1842 ...... . ·-···· · ·- -·-·· 
1843 (njne months)_. ____ .. 
1844. ·-··--··--· ·--· ·· -· ·· 
1845 ......... ·-· ·----· . . . 
18!6 --·--· ·---·-·-···· ... . 
1847 ·- ·-·· ·--· ---· · ..... . 
1848 ·-- · ·--- -· ·-·--· ······ 
18i9 _ .. ··-··· ·····- ··----· 
1850----·-·-·· ------·----· 
1851 ·--··--··-- · ·----- ·-- · 1852 ______ .. ___ . • _. __ .. _ .. 
1853 - - _ .. - _ .. - _ .. __ ... __ .. 
1 54 -·-··------····--··---
1 55 -------··· ···-·· ···•·· 





























































Fiscal years ending Sep· 
I 
tember 30 until 1842, and Quantity. 
.rune 30 since-
I 
1857 ...... _ - .. __ ..... - - - . 
1858 ....... · -·-·-· . ... - . . 
1859 ...... ·- - . ·--- ..... - · 
1860 . . ... ___ . . . _ . ___ . 
1861 .. ..... -- . _ ·-- _ -- ... . 
1862 . ···-·· ·-· ..... -·. --· 
1863 . ·- · ... ·-·· ... _ •.. _ . . 
1864 ··-· ··---·· ·----· ··- · 
1865 -·. - . ·----- ·---··. -- · 
1866 .. ·- ··-·- .. ·---·· ·-- · 
1 67. ··-··· ·--······· .. . . 
1868 . . ·-· ---- ... ·-· ·--- -· 
180& . ··--·· ·-·---. --·. - - · 
1870 . . ·-· ·-----. ·-· ·-·· -· 
1871. ·--·. ·- . . ---·. -·. -- · 
1872 . ··---· __ : __ ........ . 
1873 ·-·--· ·---·· ··-. ·--. 
1874 .... ---- -·. --· ·-----
1875 ·---·- ·----·. --·· - -· 
18i6. ·- ·· .• ·----·. --· .... 
1&77. ·----- ----·· ·- -·. --· 1878 .. ____ ... ____ . __ ... _ 
1879 . ... . ·--··--·---·· --· 
1880 .. - - - - ... - _____ ... __ . 
1881 - . - .. - - - - ••. - - - - .. - - . 1882 _ . __ ... ____ . ____ .. __ . 
1883 ..... - - - - - - . - - - - .. - - . 
















































































BY DAVID T. DAY. 
Occurrence.-Bromine is found in small quantities, but so widely dis-
tributed as to justify the general sta,tement that where compom:ids of 
chlorine are found corresponding bromine compounds also occur. The 
proportion of bromine to chlorine varies within wide limits, reaching a 
maximum in such waters as those of the Dead sea and a minimum in 
such salt deposits as those of Louisiana. From the discovery of bro-
mine in 1826 until the opening of the Stassfurt salt mines in Germany 
the production of this element was insignificant, it being obttJ,ined from 
the mother liquors of certain salt springs, which, like that at Kissengen, 
contain notable traces of bromides. The production of bromine in the 
United States was begun in 1849 by Dr. David Alter in the salt works 
at Freeport, Pennsylvania, but on a very small scale. In the year 1865, 
according to Mylius, attention was called by A. Frank to the presence of 
larger quantities of bromides in the Stassfurt carnallite, and introduced -
the manufacture of bromine on a large scale as a sec0ndary branch, in-
tended to divide the cost of producing potassium salts from the Stass-
furt mines, and thus aid in the competition with kelp. He also hoped 
that the bromine so produced would replace iodine in the manufacture 
of aniline dyes. The impetus thus given to the bromine industry awak-
ened competition in West Virginia. The manufacture was actively 
pressed, and such quantities were sent to the European markets as to 
affect the Stassfurt production disastrously. From a nominal value of 
$8 to $16 per pound in 1865 the price of bl'.omine fell rapidly, as it be-
came evident that there was no adequate demand for the supply. The 
manufacture of bromine has peen extended to the Pomeroy and Tusca-
rawas districts in Ohio. Bromine has never been manufactured in the 
Syracuse region, as the salt brines of that district contain only slight 
traces of bromides. As far as ca,n be ascertained little or no bromine 
is manufactured in Michigan. 
Production.-Nearly all the salt m~nufacturers in West Virginia work 
over the mother liquor from salt for bromine. In Ohio this "bittern" 
is collected from various salt works by the United States Chemical 
Company of Middleport, who pay a royalty to the salt works of 2 cents 
for each barrel of salt produced. About two-thirds of the Ohio product 
is produced by this establishment. As nearly as can be ascertained 
·~ total production of bromine in 1883 was 301,100 pounds, of which 
851 
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194,450 pounds came from Ohio and 106
1
650 pounds from West Virginia. 
In 1884 the product was slightly less, namely 281,100 pounds, the Ohio 
and West Virginia proportion remaining the same. In the Tuscarawas 
valley, Ohio, the brines contain a larger proportion of bromine than in 
any other region in the United States, one pound of bromine being 
obtained for each barrel of salt. The Pomeroy and West Virginia 
works yield 1 pound of bromine to 3 barrels of salt (840 pounds). 
Method of rnanuf acture.-The process of manufacture is generally the 
simplest known, namely, treatment of the concentrated bittern with 
sulphuric acid to liberate hydrobromic acid, and manganese dioxide to 
oxidize the hydrobromic acid to water and free bromine; this takes place 
in stone vessels similar to those used in the preparation of chlorine. 
By heating, the bromine is distilled and collected in glass vessels. The 
use of potassium chlorate instead of manganese dioxide has been at-
tempted, but bas not met with marked success. 
Utilization.-The consumption of bromine depends upon its use in 
medicine, photography, and in analytical and experimental chemistry. 
The hope of using its carbon compounds as substitutes for those of 
iodine in the industry of coal tar dyes has not yet been realized. How-
ever, Hofmann(a) bas removed one of the obstacles to this end, that 
is, the greater volatility of the bromine compounds, by proposing to use 
amyl bromide, boiling at 120° C., together with methyl alcohol (wood 
spirits) or ethyl ( ordinary) alcohol with the bases to which it was nec-
essary to add methyl or ethyl. By this means methyl or ethyl bromide 
was formed, together with amyl alcohol ; but the indifferent action of the 
bromides compared to the iodides, the inferior luster of the color pro-
duced, and the difficulty of recovering the more volatile bromine, have 
defeated the use of bromine in this field. The hope bas, however, not 
been given up that by extended efforts bromine may yet obtain the ex-
pected importance in the color industry, since there are still some Eng-
lish and German manufacturers who use a mixture of ethyl and methyl 
bromides in tead of methyl iodide. During the late civil war, and also 
in the Franco-Prussian war, bromine water was introduced as a disin-
fectant, but although po sessing certain advantages over chlorine in the 
ease with which it may be manipulated, its use was limited. With the 
amount which can be produced it is hardly possible that bromine will 
escape application in this :field. The bleaching action of bromine is 
al o ufficient to ju tify the prediction that extended use will eventually 
be made of it in thi direction. 
Price.-Since at pre ent bromine i not used in any large indu try, it 
i not urpri ing that it price should sink in proportion as the upply 
mer a es, and it ba now reached a point where ales are slow at any 
price. By 1873 the price had fallen to 50 cents per pound. Since then 
the following rate have controlled the sales of wholesale quantitie . 
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These, as well as the figures for allied substances, have been kindly 
arranged by Messrs. Powers & Weightman, of Philadelphia: 
Price of bromine per pound. 
Yea.rs. Range of prices. 
1874. . . . . . . . . . . • • • • • . . . . • . . • • . • . . . • . . • • • • • . . . • . . . • . . . . . • • • • . . • .. . . . . . . . . . . . 45, 50, 40, 37½, 35, 33, 30 cents. 
1875 ..........•.....•.•.••....••...•..•...•.....•...•....•...••........... 33cents. 
1876................... •• • • . . . . . . . . • • • • • . • • • • • . • • • . . . . • • • . . • • . . . . . . . . . . . . . 33, 40, 45 cents. 
1877...... . ..• • • • . . . . . . . . . • • . • • • • • . . • • . . . . • . • . • . • • • • . . • . . . . . • . . . . . . . . . . • . . 35 cents. 
1878...................................................................... 30, 28,, 33, 30, 26½ cents. 
1879 . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • • • • . . . • . . • • • • • . . • • • . . . . . . . • • . . • . . . . . . . . 26½, 26, 25 cents. 
1880...... . . . • . . . . . . . . . • . • . • • • • • . • • • • . . • • • . • . • • • . . . • . • . . . . . . . • • . . . . . . . . . . . 30, 28, 29 cents. 
ltilll ....... : . . . . . . . . . . . • . . . • • • • • • • • • • • • • . • . • • . . • • • . . . . . . . • . . . • . . . . . . . . . . . . 28, 27, 26, 25, 30 cents. 
1882 . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . • . • . . . . . . . • . . . . • . . • • . . • . . . . . . . . . . . . 25, 26 cents. 
1883...... . . . . . . . . . . . . . . . • • • . • . • • . . . . . • • . . . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 26, 25, 24, 22 cents. 
1884........... . ..................... .• • . . . . . . . . .•. . . . . . . . ... • . . . .  . . .. . . . 20, 28 cents. 
The difficulty of selling bromine is increased by the fact that masters 
of vessels are unwilling to receive it as cargo, owing to the difficulty of 
preventing sedous damages by leakage. It is therefore usually made 
into potassium or sodium bromide before shipment. The medicinal use 
of these salts, and their use as the starting point for other bromides, 
gives them more importance than bromine itself. The price of potas· 
sium bromide has fallen steadily, though slowly, from $1.10 per pound 
in 1873, to 35 cents in pound bottles (27 cents in bulk) in November, 
1884. 
IODINE. 
BY DAVID T. DAY. 
Domestic occurrences.-Traces of iodides have been found, together 
with chlorides and bromides, in the various salt wells, particularly those 
of the West Virginia and Ohio district. At Saratoga, New York, traces 
have been detected, but although the percentage of iodine in profitable 
sources is extremely small, the occurrences in the United States will, 
in all probability, remain entirely insignificant. Although iodine is not 
produced in the United States, its important influence upon the bromine 
industry, in which the United States holds first rank, makes a considera-
tion of the peculiar features of the iodine industry advisable. 
Sources and mode of manuf acture.-Sea water and the South American 
nitrate deposits have served as the only sources of iodine. The minute 
trace of iodine in the former is concentrated by many varieties of algre, 
so that these plants when perfectly dry contain from 0.0297 to 0.4535 
per cent. of their weight in iodine, in the form of iodides of the alkali 
metals (Stanford). Before the discovery of iodine by Courtois, in 1811, 
these algre were collected on the shores of Ireland, Scotland, and Nor-
mandy, and their ashes (" kelp," "varec") furnished a considerable part 
of the soda and potash of that time. According to the report of Mr. 
E. C. Stanford (a) the production of kelp, that is, the ashes of several 
varities of seaweed, amounted to 20,000 tons from the western islands 
alone at the beginning of this century, and sold for £20 to £22 per ton. 
The importation of barilla then began, and this, together with the 
establishment of the Leblanc soda process, reduced the price of kelp to 
£10 per ton. Among the manufacturers of sodium salts from kelp was 
Courtois, in Paris. His discovery of iodine in the kelp was made at a 
time when theoretical discussions as to the elementary character of 
chlorine subjected the properties of that substance to careful study, 
and the analogous character of iodine led in an unusally short time to 
a general knowledge of this element and its possible uses. It was ex-
tracted from kelp during the preparation of soda; but small quantities 
fully atisfied the demand, so that its source was no more valuable than 
before iodine wa discovered. In fact the price of kelp sank gradually 
to £2 per ton in 1831. Between 1841 and 1844, however, iodine was 
applied to the manufacture of aniline dyes. In 1 45 the production of 
iodio began on a commercial cale, and kelp wa again in demand. 
a Chemical .News, Vol. 3.5, page 172, 1877. 
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The imports to the Clyde increased from 2,565 tons in 1841 to 6,000 tons 
in 1845. In the latter year there were four small works engaged in the 
manufacture of iodine; in 1846 this number increased to twenty. The 
kelp required was not the same; formerly that yielding niost soda was 
needed, but this was poorest in iodides, which now became the im-
portant constituents. Moreover, it was fouLd that kelp richest in 
iodine was also richest iri potassium, which also was valuable; potas-
sium chloride being worth £25 per ton. The following table gives the 
imports of kelp into the Clyde for thirty-five years, and also the price 
of iodine from the time of its industrial application up to the present. 
The earlier figures have been compiled by Mr. Stanford, of Glasgow, 
and the later prices of iodine have been furnished through the kindness 
of Messrs. Powers & Weightman, of Philadelphia. 
Kelp imports -into the Clyde, and price of iodine. 
Years ending June 30- Kelp im-ports. 
Long tons. 
1841 . • • • . • . • . • . . . . • . . . . . 2, 5"'6 
1842 ....•.. •.. . . . . .•••. . 1, 88T 
]848 ....•......••••. . ... ], 965 
1844 ... ... . . .. .•••• .. ... 3,263 
1845 ... ... . .• . .... .. . .. . 6, O!l6 
1846 ····••·. .. ...•... ... 3,627 
1847 ······ ..• . .... .. .... 4,000 
1848 . • . . • . . • • . .• . • . . . . . . 4,400 
}:~ :::::::::::::::::::: 1t:m 
1851 ........ • . ······· .. . 7,320 
1852 .•.... ..• . .... .. .... 5,418 
1853 ...•... .. .• •• .... .. . 6,491 
~~gL::::::::::::::::: : U~: 
1856 ...... . .• .... .. . .. 6, 3!9 
1857 . . . . . . . . . . • . . . . . . . . . 8,641 
1858 ···•·•· ... ......... 8,123 
HiL:::::::::::::::::: !:i~ 
m::::::::::::::::::::· 1~:t}: I 




























Years ending June 30- K;;;rt~-
Long tons. 
1865. ••• . . . . . . . . • • . . . . . 13,741 
1866 . • . . . . . • . . . . • . . . . . 8, 858 . 
1867 .•• • • . . . . . . . . . . . . . . 8,174 · 
1868 .••... . ...•.. ..•. .. 8,116 
1869 . . .. • . . . ... .. .• • • .. 8,978 
1870. ·•·•·· ....•. .... .. 9,257 
1871 .•.... .... . . . .... .. 9,384 
1872 . . . . . . . . . • . . . . . . . . . 10, 049 
1873. . ••••.. ..•.. •..•.. 9,449 
1874. ••• . • • . •• • . . . . . . . . 10,923 
1875. ••. .•••.. .. . ...... 8,643 
1876 .•••....•.....••• •. ····- .•..... 
1877 ...•....••....••.•.......••.•.. 
1878 ...••.•••. .••.......•..•....... 
1879 ...••.........•.•...•........ •.• 
1880 ......•••..•........••... ····· . 
1881 ........•...... . ............... 
1882 ......••.........• . .•..•••..... 
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aScotch. bPernvian. cCombination. dCombination broken. eRecombination. 
The extraordinary fluctuations in the price of iodine serve to indi-
cate the complicated co11ditions of oversupply, extended production, 
combination of manufacturers, and open competition, to which an in-
dustry is occasionally ~ubjected. During the early years of the manu-
4 
facture the extended use of iodine, principally in the production of ani-
line dyes, caused ~uduen fluctuations in its price. while the price of the 
raw material reruaiue<l practically uncba11ged. This iuvolved many 
manufacturers in lJeavy ksses, tlie profits under high prices usually 
falling to spPculators, while the manufacturer was left to sustain the 
industry when prices were low. For this reason the number of manu-
facturers in Glasgow was reduced duri11g 1873-1877 to about three, 
producing in all from 50 to 60 tons of iodine from about 10,000 tons of 
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kelp. The. production in France at this time was somewhat less, amount-
ing to 40 tons, derived from 16,000 tons of inferior "varec " or kelp. 
As e8.rly as 1865 the presence of sodium iodate was noticed in the 
South American caliche (native sodium nitrate). The effort was made 
by Thiercelin to extract the iodine from the mother liquors from sodium 
nitrate by precipitating the iodine by means of acid sodium sulphite, 
or, better, sodium nitrite, prepared by fusing the domestic sodium ni-
trate with one-fifth its weight of charcoal. But the difficulty of drying 
the iodine thus obtained by spreading on porous plates, and the fact 
that frequently the greater part of the iodine existed as sodium iodide 
and escaped precipitation, prevented active competition with European 
iodine until Langbein's method was introduced in the province of Tara-
paca, then belonging to Peru, but at present held by Ohili. By this 
method the mother liquors were treated with an excess of sodium sul-
phite or acid sodium sulphite, converting the iodl:l,te into hydriodic acid, 
from which cuprous iodide was precipitated by copper sulphate and 
sodium sulphite. In 187 4 South American iodine was offered· upon the 
London market for 10~ to 11 pence per ounce, against 13 pence for 
Scotch iodine. The result was an active competition, soon resolving 
into commercial warfare, which has exerted great influence upon the 
industry. All through 1874 Peruvian iodine was offered at prices 
about 20 per cent. below the Scotch product. At the beginning of 
1875 both varieties sold for two-thirds the price of 1873, and the Pe-
ruvian iodine still led the way to lower prices, until at the close 
of 1876 the price had fallen to 5! pence per ounce, and both sides 
were ready to compromise or else give up the manufacture, which 
now yielded little profit to either. In order to keep up the com-
petition the European method of producing iodine bad undergone a 
revolution. Formerly the custom was to allow seaweed to collect 
during the whiter months. It lay exposed upon the coasts until some-
times 90 per cent. of the iodine had been washed away from the 
partially decomposed weed, before it was burned and shipped to Glas-
gow. Further, the weed was burned in long kilns made of loose 
stone walls and turf; the burning seaweed here attained a very high 
temperature. This part of the work was done by women and children; 
the men then raked the ash with iron "clats" until it formed a molten 
slag. '' During thi laborious process," says Stanford, '' more than 50 
per cent. of the iodine is often wasted, and a large amount of potash; 
indeed, o intense is the heat that sufficient soda is volatilized to give 
an inten e monochromatic flame. The high temperature also enables 
the carbon to deoxidize the alkaline sulphates to sulphides and other 
ulphur compound ; these become concentrated in the mother liquor, 
and entail a large expenditure of oil of vitriol, and give rise to great 
nui ance in the lixiviation." The first improvement, proposed in 1862, 
wa to subj ct the kelp to de tructive diRtillation in closed vessel , by 
hicb amm i acetic a~id, naphtha, a con iderable amount of illnminat. 
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ing gas, and finally a variety of charcoal better than· others for decolor-
izing, etc., were obtained. From this charcoal twice as much iodine 
was obtained as from the kelp. This ra<lical improvement was only 
used on the islands of Tyree and North Uist until the competition- with 
Peru. The next improvement, proposed by Pellieux and Maze-Launay, 
consists in drying the fresh seaweed for four or five days, then allowing 
it to ferment until decomposition begins. 1.,he object of the fermenta-
tion is to bring the seaweed into a condition in. which no iodine will 
be lost in burning. The sulphur compounds in the algre are converted 
into alkaline sulphides; these decompose the organic iodine compounds 
into alkaline iodides, which are not so easily volatilized. The water 
formed during the fermentation is carefully saved on account of its 
containing considerable iodine. The results of this process are very 
satisfactory. Toe lixh""iation of iodine from the kelp is double. First, 
chlorides and iodides are extracted by cold water, then potassium sul-
phate by hot water. From the solution containing the iodides, iodine 
is precipitated by potassium chlorate, which separates it from small 
quantities of bromides: Before the end of the competition with Peru, 
it is said that vessels were sent out to collect seaweed for this purpose 
at times when the coast was bare. In March, 1877, a combination was 
effected between the European and South American producers, and the 
price set at 10½ pence per ounce. This combination was of especial value 
to the South American producers. It enabled them to erect new works 
and gave an impetus to the trade which continued even after the com-
bination was broken in 1~80. The price then fell to less than half, and 
with continued competition had reached by November, 1884, 3! pence 
per ounce, the same price which ruled in 1841, before iodine entered .into 
chemical manufactures. It was predicted in November that a combina-
tion would be formed and the price then go to 9 pence per ounce. The 
prediction was fulfilled. 
The yield from South American deposits has been estimated as 
follows: 
Years. Pounds. 
1873 . . • • • • • . • • . . . • . . . . . 30, 000 
1874 . . • • • • • . • • . . . • . . . . . 100,000 
1875 .•••• , . . . • . . . • . . • . . al 00, 060 
1876 • . • • • . . . • • . . • • . . • . . 11-0, 000 
1817 . . . . . . . . . . . . . . . . . . . 200, 000 
1878 . . • • • • . . . • . . • • . . • • . 280, 000 
1879 . . . . . . . . . . . . . . . . . . . 350, 000 
1880 . . • . • . • . . . . . • • . . • . . 380, 000 
1881 . . . . . . . . . . . . . . . . . . . 200, 000 
1ss2 .••••.•.•..... _ . • . . I ~~g: ggg 
1883 _ .•••.• ____ ..•..•. ·I 1 b!~t: ~ 
a. From 131 manufactories. b Chili. c Peru. 
The processes have been markedly improved both in the methods 
and arrangement of the plant. The plant at Peruana, province of 
Tarapaca (formerly in Peru), erected in 1881, cost $20,000, and yields 
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3,200 pounds of iodine each month. The sodium nitrate at this ,place 
contains sodium iodate, which according to the Genie Civil, 1884, may 
in extreme cases amount to 50 per cent. The average mother liquor 
contains: 
Sodium nitrate ........•...................... 
Sodium chloride ...........•.................. 
ri:1~trtr~~~~::: :: : ::::::: :: : : : : : :: : : : 










As the iodine is present largely as sodium iodate, it is precipitated by 
the old method of sodium acid sulphite. Very new and economical 
methods are used for preparing this substance, in regard to which full 
plans are given in Dingler's Polytechnische Journal, Vol. 255, page 299. 
In Chili much of the iodine occurs as sodium iodide, and is exported as 
cuprous iodide; 117,330 pounds of this substance were exported in 1883. 
Imports.-The following table shows the imports of iodine into the 
United States fr0m 1867 to 1884. inclusive. The principal use of iodine 
in this country is for making alcoholic tincture and iodine salts, princi-
pally potassium iodide. 
Iodine imported and entered for conBuniption in the United States, 1867 to 1884 inciusive. 
Crude. Resublimed. 
Fiscal yea~~.'.:_nding June 1--------1----- ---i 
1867 ...... ···•····••••· ..... . 
1868 .. ..... . .•........... . •• . 
1869 .. •...• ·•••·• ........... . 
1870 . .•...................... 
1871. ........... ......... . . . 
1872 . .......••... . ...•..•..•. 
1873 ............•.•......... 
1874 . . ..........•.......•... . 
1875 ........•......•......... 
1876 ....•.....•...••..•.•.... 
]877 ...••••...••..•.. ········ 
1878 ..•••....•.•••••.••.•••.. 
1879 . .••••......••..•.•••..•. 
1880 ........................ . 
1881. .•.•••.....•.••......... 
1882 .. .••••.•••....••.•.•••.. 
1883 ..••••• ·-················ 





















Value. Quantity. Value. 
Pounds. 
$28,013 3,199 $6,764 
55,869 5,527 16,178 
50,625 5,882 18,356 
70,777 2,233 6,251 
212,195 956 3,499 
292,998 258 2,166 
206, 783 10 87 
89,305 2 16 
74,357 54 171 
55,443 ............... .................... 
111,494 ------·----· ·- -·------- · 
230,041 --·--·------ ---·---····· 
122,571 ·---------- - --- --------· 
501,957 2 12 
336,998 13 30 
213,311 15 28 
162,036 5 8 
173,251 336 493 
a Not specifted. 
Iodine Total salts. 
$34,777 
· ···· · ·---· · 72,047 
$3,589 72,570 















Domestic souroes.-ln addition to the deposits of borates of lime and 
soda before known to exist in California and Nevada, extensive beds of 
these minerals have within the past two or three years been discovered 
in the former State. Of these one is the Death valley, Inyo county; 
one at Desert Springs, Kern county; and another in the eastern part 
of the Calico district, San Bernardino county, some of minor impor-
tance having been met with elsewhere in these counties. These discov-
eries have led to the formation of one or two additional companies, and 
to some new combinations of those before in the field. These new dis-
coveries, companies, and combinations have had the effect of consider-
ably stimulating production, which for the past two years has been 
large beyond precedent. The total production of borax, all from Cali-
fo!'nia and Nevada, has been stated by Dr. Henry Degroot, to whom 
acknowledgments are due for other material in this paper, in round 
numbers at 50,000,000 pounds (25,000 short tons), the output in 1883 
and 1884 having been 6,500,000 and 7,000,000 poumls respectively. 
Price.-Only once before, and then but for a short time, has the pri.ce 
of borax been so low as at present, concentrated being quoted in New 
York at 8½ cents and in San Francisco at 8 cents per pound, these being 
the extreme ~gures for Jots of 10 tons or more. For the past two years 
the price has been steadily tending downwards, and that notwithstand-
ing higher duties have meantime been imposed upon the imported 
article. The year 1883 opened with the price of borax in New York at 
13 cents per pound. .After declining to 11 cents, the price on the pas-
sage of the new tariff bill advanced 15 cents, but fell back a,gain before 
the end of the year to 11 cents, by reason of the heavy importations of 
boracic acid, which bad been made in anticipation of a higher tariff. 
Early in 1884 the price was put down in London 33 per cent., causing 
a corresponding depression in the markets on this side, the decline 
having gone on slowly but steadily to the end of tl;te year, when the.ex-
treme low figures above stated were reached. The causes that have 
contributed to so demoralize the market are various, the large pro-
duction tlJat has been going on of late all over the world being of 
course the principal one. .Among the minor factors which have en-
tered into the problem bas been the disposition of English dealers to 
force down prices with a view to excluding from European markets the 
product of California. Then there bas been the sharp competition be-
tween local producers, as well as the similar rivalries elsewhere. There 
may have. been something also in the alleged willingness of the Eng-
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lish lessees of the Tuscan salines to unduly depress prices in order to 
secure a renewal of their leases on more favorable t"erms. The pros-
pect for any improvement in prices is not very encouraging to the pro-
ducer. That no advance can take place except through some combina-
tion on the part of the principal producers is evident; but how any such 
concerted action can be brought about where the producing points are 
so widely separated is not easy to see. 
Foreign competition.-While no new uses for this salt, or at least none 
of much importance, are being introduced, new sources of supply are 
constantly being discovered. Besides the new deposits of borax found 
in California, large beds of borate of lime have been discovered lately 
on the eastern side of the Andes in the State of La Plata, South 
America, mrich of this material being rich enough to bear transporta-
tion to Liverpool. Chili exported 32,923 quintals of borate of lime in 
1883. The discovery of borax in Asiatic Turkey, not far from the 
Bosphorus, as announced a year or two since, seems also to have been 
one of considerable magnitude, the French having shipped lately large 
quantities to Havre. Meantime the exportation of the crude substance 
from the west coast of South America and from India has gone on ac-
tively, while the salines of Tuscany have kept up their usual production; 
the latest statistics published showing exports of boracic acid from 
Italy as follows : 1877, 2,697 long tons; 1878, 3,433 tons; 1879, 2,505 tons. 
Production.-The product,ion of concentrated borax in California and 
Nevada during the past ten years has been as follows: 
P1·oduction of borax since 1875. 
Yean. I Ponnda. ·II------Y_e_ars_. -----I Pounds. 
ilL i tE< HE t/.~-~-11~. ~51i84t. 191661 1m: :) : ::: :: :: : i :i:: ::::: :) ): : i i mi 
1884 . .. . .• -·............................ 7,000,000 
Movement.-The total amount of borax shipped from California and 
Nevada in 1883 and 1884 was as follows: 
Shipments of borax from California and Nevada ·in 1883 and 1A84. 
To- 1883. 188'. 
Pound,. P<>iJ,nd8. 
l~t: ;: \ ~:::::::::::::::: :: ; : : :  : ::  : :  :  : :::  :  : '. j:I. l: ~ I 
1-----1----
T o l · · • · . . . . . . • • . . • • . • • • . • . • . . • • . . . . . . • • . . • • . • • • . . • . . . • . . . . • . . • • . . . . • . . 6, 528, 72f 7, 270, 425 
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The figures for 1884 showed largely diminished shipments to Liver-
pool and correspondingly increased shipments to New York, although 
it has been stated that it is cheaper to ship borax from San Francisco 
to New York City by way of Liverpool than dirrctly overland. Some 
dealers adopt this plan, for if there is no market in Liverpool when the 
borax arrives it can be brought back to New York. A large part of 
the recent importations has been domestic borax reimported by way of 
England because of differences in the two markets. 
Borax, bomcic acid, and borate of lime imported and entered for consumption in the United 
States, 1867 to 1884 inclusive. 
Refined borax. Crude borax. Boracic acid. Borate of lime. 
Fiscal years Total 
ending 
Q~antity. Qua~tity. l Value. 
value. 
June 80- Quantity. Value. Quantity. Value. Value. 
-------------
Poundt Pou1.ds. Po·unds. Pounds. 
1867 ......•.. 49,652 $6,601 5,672 $711 770,756 $78,896 . ............... -·-··-·· $80,708 
1868 ......... 79,183 10,127 22,293 2, 9R5 243,993 22,845 ·----·---- -------· 35,957 
1869 ....... -· 89,695 12,799 54,822 8,011 988,033 109,974 ·----- .......... 130,784 
1870 - --·. ·- - . 97,078 14,511 2,616 822 1,166,145 173,806 88,529 $1,666 190,805 
1871- ---· ·--· 184,927 20,705 6 1 1,204,049 185,477 45,600 2,248 208,481 
1872 __ ., -'·. -- 85,542 6,288 ................. -------- 1,108,974 191,575 22,500 800 • 198,663 
1878 ·--· · ·--· 9,284 2,152 ·--------- ......... . 1, 2:12, 006 255,186 ................ 257,838 1874 _,_,. ____ 8,860 1,253 588 78 233, 955 1 52,752 ............... -------· 54,088 
1875 ---·--. ·- 5,153 1,224 ............... ---····· 41,742 6,280 ------·--· .......... 7,504 
1876 _ ........ 8,145 691 ·--------- ............ 137,518 15,711 ............. ............ . 16,402 
1877 ... ,_, ___ 3,500 676 55 12 107,468 11,231 ........... ............ 11,919 
1878 -.... _. __ 8,492 514 286 61 178,798 14,925 .............. ......... 15,500 
1879 ---·----- 8,472 490 .............. .......... 806,462 21,888 .............. ........... 22,378 
1880 ----·- --- 15,278 2,011 ................. ----···· 248,738 18,478 22,122 742 21,226 
1881.-- .. ·- -- 4,136 865 ................. -------· 187,053 15,771 ............. -------· 16,686 
1882 ---- ---· _ 15,710 8,774 .............. ... ...... 536,834 71,843 ............. ........... . 75,117 
1883 --------- 5,611 1,859 ................. ............ 4,834,432 580,171 ............. ............ 581,580 
1884 ·-- .. ·-·- 7,332 1,691 142 84 44,512 4,494 ............... ............ 6,219 
The imports of boracic acid in 1884 were classed as follows: 
Pounds. Value. · 
Commercial._ .. _. ___ .. -.... --.. -....... -__ .. _ ... - _. __ ... _ ... _ .. __ .. _ . _. __ ... :. 42, 900. 25 
Pure . __ .. __ . __ .. ___ .. _ .. -.... - .. _ ... _ - -... ___ •...• __ .... _ .. __ .. -_ .... _ ...... _ _ 1, 611. 50 
$4,193 
801 
Mode of nianufacture.-The following description of the Pacific Borax 
Works, at Fish Lake valley, Esmeralda county, Nevada, is taken from 
the Oandelaria True Fissure. The works are the property of F. M. and 
J. P. Smith, and are new and representative: " There are several large 
buildings, sheds, platforms, etc., with steam engines and other ma-
chinery. The site selected for the works is on the western side of the 
marsh, and under the side of the hill, high, enough to allow a grade 
sufficient for the handling of the solution from the time the crude borax 
is first landed on the dump. The crude borax is shoveled into winrows 
on the marsh and allowed to remain for a time, that the moisture might 
leave it, decreasing the weight in the matter of hauling. It is then 
loaded into a wagon and taken to the dump. The side of the hill has 
been excavated for the ,building of a stone wall, done in mason work, 
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which is about 15 feet high and 150 feet long. The dump has an easy 
approach from two sides, and is level enough on the top for the easy 
handling of all the material taken there. A new building covus the boiler 
and pumping room, in which is a tubular boiler 16 feet in length and 
· 54 inches in diameter. There are two steam pumps in position, one of 
which has a 6-inch cylinder, and is used for the purpose of pumping 
water from the well for washing the ta,nks and sprinkling, as well as 
fire purposes. This well is 22 by 12 feet in size and 18 feet deep. The 
other pump has a 4-inch cylinder, and is used for feeding the boiler and 
for conveying water to crystallizers. An immense network of steam 
pipes, of sizes varying from ½ inch to 4 inches in diameter, runs about 
the pumps and boiler to the dissolving tanks. It is estimated that, 
about 1,500 feet of steam pipe have been put into the places required. 
Right under the stone wall are six immense iron <lissolving tanks, each 
of which is 9 feet in diameter by 7 in depth. The tops of these are 
covert:d with a platform made of 2-inch plank, in which openings are 
made for filling the tanks. A system of steam pipe extends all over 
the bottom of each tank, and about every four inches the pipe is per-
forated for the escape of steam. A quantity of the crude borax is 
dumped into one or more of the tanks, and about three feet of water added. 
This fills the tank to within two feet of the top, when the steam is turned 
on and the mixture receives a thorough boiling. It is allowed to 
settle ten or twelve hours, and is then drawn off from the top of the 
solution by a syphon into the crystallizer, located on a platform about 
30 feet below. There are forty-five crystallizers now in use, and more 
will be added when necessary. Each of these is lined with galvanized 
iron, upon the surface of which the borax precipitates itself, and is 
easily removed. The solution remaini~g in the dissolving tanks is then 
given a second boiling and drawn oft' again as above described. The 
mud and remainder of tbe borax is then turned into a system of IJ?.Ud 
tanks, which occu'py a position immediately below the :first line of tanks, 
and if found to contain a large enough percentage of borax it is shov-
eled into a car and run along a track to a Hinckley elevator, which 
land it on tue top again, whence it goes into the dissolving tanks. 
After the crude borax has been worked over and over until but little 
remain the tailing are removed to a reservoir made in the ground, 
ju t below the la t line of crystallizers. This reservoir is 50 feet square 
and 2½ feet deep, and here the tailings are allowed to remain and un-
dergo the natural changes, the same a when :first taken from the mar h. 
Car tracks run between the line of mud and the crystallizing tanks 
and into the drying and torage building. This building is 64 feet 
long by 24 in width on the ground floor." 
The m thod pur ued at Lardarello, Italy, i thus described by Mr. 
Rice, th m rican con ul at Leghorn: "A hallow pond is dug, and 
in it an arte ian well i bored, which at a small depth invariably strike 
the bed of rax. Not content with vapor alone, the boring is carri d 
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down till the well gives water. The boring machinery is then with-
drawn and the water let into the pond. The upshoot of the boring 
heats this pond to boiling point in a few minutes, and the boiling in a 
very short time impregnates the water in the pond with borax, shot. up 
with hot water from the artesian well; there only remains to draw off 
the water, which is done every twenty-four hours, and evaporize it. 
This process is effected by passing it over a series of shallow metal 
pan.::; arranged as a cascade. The fall from one pan to another may be 
two or three inches, and th~ pans· are fifteen to twenty in number. Un-
derneath the pans are a series of hot steam pipes, which keep the shal-
low pans at an intense degree of heat, the consequence being that a 
very large portion of the liquid which reaches the last or bottom pan is 
semi-solid borax. This is then pumped into vats and a.llowed to CO<.,l, 
and when cold the vats have the appearance of being frozen over with 
a thick ~kin of very dirty and rotten ice. This · skin is removed and 
strewed on the floor of a drying house, heated by hot pipes under the 
floor, and by this means the borax becomes crystallized. The boracic 
acid is then ready for packing, the color not being the same in all cases, 
varying from a dirty white to almost black. The acid is mixed in the 
stores and packed in huge casks, weighing fourteen to sixteen hundred-
weight, for exportation. The lagoons are most interesting to watch. 
When full of water the boiling is continuous, rising (especially in the 
case of the artesian borings) to some feet in height. When natural 
springs, the bubbles are about a foot above the level of the water. The 
vapor is, however, most clammy, and especially unpleasant from its 
excessive sulphurous odor. When the water is pumped out the bottom 
of the lagoon remains of a dirty mud color, with round, semi-spherical 
holes like pock-marks, varying from a foot to several feet in diameter 
a~d depth; these are the springs. When empty they each give oft' a 
small amount of vapor, but as water finds its way into-the boles in ques-
t.ion ebullition commences, and each bole appears to be a cooking pot, 
boiling with all its might, the water rising more and more, the lagoon 
one huge boiling caldron. The difficulty in the production. and a very 
grave difficulty it is, consists in the scarcity of water; in fact, in the 
summer Lardarello is almost the only establishment that can work sat-
isfactorily, and even at Lardarello the works are often working half 
time only. The water which has served in the mineral baths at Morbo 
is carefully drained down to the Lardarello reservoir and there stored." 
SULPHUR 
BY DAVID 'I'. DAY. 
Occurrence.-Tbe sulphur springs found ·so frequently through the 
United States bear evidence to the general distribution of sulphur 
either in the free state or in combination with hydrogen. Beds of sul-
phur occur in the following localities in the eastern States: At Cayuga 
lake and at Springport, Cayuga county, New York; twenty-five miles 
above Washington, on the Potomac river, Virginia; at Put-in-Bay 
island, Ohio ; in Kansas ; at Tampa, Florida; and in Louisiana. These 
deposits are too small to have any industrial significance, except the 
beds in Louisiana. Here sulphur is found thirteen miles from Lake 
Charles, Calcasieu parish, near the track of the New Orleans and TP.xas 
railway. In 1869 and 1871 a number of borings were made showing 
that the bed is reached at about 425 feet from the surface; the sulphur 
layer is sHiid to average 100 feet in thickness and to be quite pure. Un-
der it is a bed of gypsum and sulphur (principally the former) about 
150 feet thick. The first company incorporated to work the deposit was 
com posed chiefly of French creoles beaded by Gen. Jules Brady. After 
sinking a sectional ~ast-iron shaft to a depth of 110 feet the enterprise 
wa abandoned on account of the breaking of the Jining. The property 
i now owned by a company, with Mr. Duncan F. Kramer at its bead; it 
Las done little, however, towards mining the deposit. Mr. D. M. Jew-
tt, of White Oak, New Mexico, reports sulphur deposits in Tom Green 
eouuty, Texas, which might prove valuable if mined. 
The only important beds of sulphur from the present point of view are 
in the far West. In Wyoming it occurs in quite large quantities about 
30 miles outheast of Evanston, in the Uintah mountains, Uintah 
county. Large bed are said to occur in the southeastern part of Idaho, 
near wan lake, and also four miles from Soda springs, Oneida county. 
ulphur is found in several localities in New Mexico. In California it 
i found in the Azur mountains, on the border of Santa Barbara and 
Ventura counties; in the Coast range, 30 miles west from the town 
of Coln a; on Chalk mountain, two miles east of Clear lake, Lake 
county; at various place in Napa, Kern, San Luis Obispo, Los Angele , 
and an Bernardino countie , and about the mud volcanoes in San 
Diego county. Although some of these deposits are large, none except 
that at Clear lake has been utilized, and they will probably long remain 
untouched on account of the difficulty of bringing the sulphur to mar-
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ket at prices comparable with Sicilian sulphur. At the Clear la~e de-
posit sulphur occurs in a decomposed volcanic rock. Through fissures 
in this rock steam and vapor of sulphur compounds issue and deposit 
sulphur near the surface, where it i~ found mixed with 10 to 35 per cent. 
earth, silica, etc. A curious feature of this deposit is the occurrence of 
a notable percentage of cinnabar mixed with the sulphur; and borax 
is also found in the neighborhood. In 1864 an extensive refinery w1th 
a capacity of 6 tons per day was erected here, and for about twenty 
years was used in turn for borax, sulphur, and quicksilver. The crude 
sulphur was shoveled into wheelbarrows-and thrown into a furnace, 
from which it passed into a receiver, thence into large iron kettles, where 
it was purified, and was finally cast in molds. From 1865 to 1868, in-
clusive, about 2,000,000 pounds of sulphur were produced, but at the 
end of that period the enterprise was abandoned as unprofitable, princi-
pally because the price of refined sulphur in San Francisco had fallen 
from $75 to $40 per ton. 
In Nev3tda sulphur has been found near Humboldt House, Humboldt 
county, in the craters of extinct hot springs on the open sage-brush des-
ert. Nearly a.U the cones, which rise to the height of 20 to 30 feet, are 
weathered and broken down; the outer surface is composed·of calcare-
ous tufa and siliceous sinter forming frregular sheets sloping away at a 
low angle from the orifice at the top. The interiors are :filled with crys-
talline gypsum containing, at least in two cases, sulphur. One of the 
cones has been opened by a cut in the side iu such a manner as to ex-
pose a good section of material filling the interior, and a few tons of 
the sulphur and gypsum have been removed. The percentage of sulphur 
is small; and, according to Mr. I. C. Russell's report, read to the New 
York Academy of Sciences, the economic importance of the deposit, as 
shown by the excavation already made, will not warrant the further ex-
penditure of capital. Sulphur is reported as occurring in the deposits 
surrounding Steamboat springs, situated midway between Carson and 
Reno; in the Sweetwater mountains, on the boundary between Cali-
fornia and Nevada, in latitude 38° 30'; again 10 miles north of the 
Humboldt . salt marsh in Churchill county there is a bed covering 30 
acres, and some of the sulphur is said to be quite pure, though the 
greater part is mixed with a large percentage of earth, etc. These 
localities have not been mined. The most important sources of sulphur 
in the United States at present are the Rabbit-hole mines in northwestern 
Nevada, on the eastern border of the Black Rock desert, deriving their 
name from the Rabbit-hole springs, a few miles to the southward. The 
hills bordering the Black Rock desert on the_ east are, according to Mr. 
Russell, mainly of rhyolite, with a narrow strip of volcanic tufa along the 
immediate edge of the desert. · These beds of tufa are stratified and 
have evidently been deposited by water, and are identical with tufa 
deposits that occur over an immense area in Oregon and Nevada. At 
the sulphur mine the tufa is richly charged with sulphur, which fills 
2 MR--55 
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all the interstices of the rock and sometimes lines cavities 5 or 6 feet 
wide with layers of crystals. In the Rabbit-hole district sulphur has 
been found in paying qu3,ntities for a distance of several miles along 
the border of the desert; but the distribution is irregular and is al-
ways su:f)er:ficiaJ, so far as can be .judged from the present openings. 
The sulphur has been <lerived from a deep-seated source and deposited 
from the condition of vapor, among the cooler and higher rocks where 
it is now found. A valuable. portion of the beds belongs to the Hum-
boldt Sulphur Company. In .1865 this company erected works on the 
ground for refining sulphur. Previous to this time the company had 
shipped some crude sulphur to San Francisco. The works have a 
capacity of 20 tons per day, and have produced as much 'as 1,200 tous 
a year, employing twenty men all the year. The sulphur, after being 
mined and assort~d, is placed in upright cast-iron retorts having a geu-
eral resemblance to the common form of blast furnace, with a capacity 
of about 2½ tons each. When the retorts have been charged, the opening 
at the top is closed and superheated steam is admitted at the side. 
When the sulphur melts it passes through a grate and is collected in a 
kettle beneath the retort, from which it flows into a receiving pan hold-
ing 6 tons; here the impurities settle off and the sulphur is cast into 
blocks, which are sold in San Fmncisco for $40 to $45 per ton. In 
spite of an expenditure of $60,000 to $70,000 in the plant and unusually 
heavy running expenses due to the barrenness of the country, refining 
would continue profitable if these prices could be assured, but it seems 
possible for the Sicilian producer to run the price much lower, and this 
competition bas nearly stopped the works. 
In Utah it i said that the Mormons refined ~mlpl.J.ur from native ore 
thirty years ago. About fifteen years ago prospectin.g was begun in the 
Gordon mining district, in the southea,stern parL of Millard county, by 
Mr. C. A. Semler; this re ultetl in tlrn discovery of extensive sulphur 
beds at Oove Creek, about 22 miles east of Black Rock, on the Utah 
Central railroad. In 1870 tbe Cleve1a.nd mine was located, and in 1872 
fourteen other -the l\Iamllloth, Philadelphia., Prince Albert, Mariposa., 
Exe 1 ior, New York, Sulphur King, Queen Victorin, Brooklyn, Boston, 
Victor, Hoosic Pall ·, Utab, aml Couqueror. A few of these claims have 
b •en cl veloped to a light extent. ~l.1liey have not yet been worked suf-
:fic,ently, however, to make the sulphur from this focality an article of 
c mmerce. Mr. Ru 11 thu de cril>e the mines: H The depo its at 
o\·e r ek arrange them elves in three convenient groups, the divi ions 
dep nding, however, mor on the nature of the cavities that have re-
cc•iy <1 the ulphur than on any difference in th manner in which it ha 
, n introclnced. non in tance the ulphur oc upi s a nearly extinct 
· U· tam· again w find it impregnating and c men ting b d of volcanic 
nfi ; at th •r plat<:-: tlrn .·idc · of fi, ·ure ar 11 ath d with a brilliantdni.·y 
li11iu n or .·ulpl111r f!f,Y.'tal . In all f th~.·> in ' tauc , iti' •vid nt that tll 
uJpll 1· h· ' e ·u tl ·rived from deeply- "eatc<.l source , ha ing been x-
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pelled in a gaseous form and condensed and crystallized in the cavities 
and · fissures in the cooler rocks. In the mine named the Cleveland by 
Mr. Semler, which is situated about 2 miles southward of. the fort at 
Cove Creek, the sulphur occurs in quantity, filling the crater of. a sol-
fatara. The bottom of the little valley in which the Cleveland is situ-
ated is nearly circular, with a diameter of about 1,200 feet, and is totally 
destitute of vegetation; over the level surface of this desert the sulphur 
outcrops in many cases, forming ledges; a number of prospects show an 
abundance of quite pure material. A shaft was sunk in the center of 
this deposit to the depth of 25 feet, all in pure 8Ulphur. The material 
taken from the shaft was returned to it in order to guard against burn-
ing the mine, and the broken fragments are now cemented into a solid 
mass by the sulphur that has been deposited in the interstices between 
them. The deposition of sulphur is stm in progress, the prospect holes 
becoming lined in a few days with most beautiful crystals of pure sul-
phur. The sulphur at this locality covers a circular area about 1,000 
feet ih diameter, and from the prospects that have been reported can-
not be le'ss than _25 feet thick. This is not pure sulphur, but carries a 
large percentage of earthy matter. Of the second class of mines-those 
in which sulphur impregnates beds of volcanic tufa-we have exam-
ples in the Mariposa and Prince Albert ;nines, situated at the base of 
the mountain 2 miles east of the fort at Cove Creek. At these localities 
the tufa is stratified; it contains scattered pebbles of quartzite and 
limestone, and is impregnated over a large area with sulphur, which 
fills all the interstices of the rock. Judging by the eye alone, much of 
the tufa contains from 10 to 40 per cent. of sulphur, while in some lo-
calities the rock is far richer than this. Over the tufa are alluvial cones 
of gravel, that are in some places cemented by sulphur in the same 
manner as the strata of tufa beneath, thus showing that the beds now 
carrying sulphur have acted simply as condensers for the sulphur, which 
in every case has been derived from a deeper source. The third class 
of sulphur deposits-those in which the sulphur forms a lining of crys-
tals on the sides of fissures-are illustrated by the Philadelphia and 
Mammoth mines. At the first of these, situated 1 mile north of Co\Te 
Creek: the sulphur occurs in qrusy crystals covering the sides of small 
intersecting fissures in trachyte. The Mammoth is of similar charact~r, 
but found in dark Carboniferous limestone." Up to 1880 only sufficient 
work had been done on these deposits to hold title to the mines, but 
considerable money has lately been invested in plant for refining sul-
phur, and daily shipments are being made to Salt Lake City. 
In Alaska heavy deposits of sulphur are found near the volcanic 
cones abundant on the Onimak, Kodiak, Unalaska, and Aleutian 
groups of islands, where the sulphur has long been used by the natives 
as a means for producing fire. The deposits have never been otherwise 
utilized. 
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Produotion.-During 1883 and 1884 the mining· of American sulphur 
bas nearJy cea8ed; 1,000 tons in 1883 and 500 tons in 1884 will coyer 
the production, which cafne principally from the Rabbit-hole mines in 
Nevada. About half of the supply for 1883 was sent to San Francisco, 
the rest being consumed locally, in thP, acid works at Dayton. A small 
proportion was produced in Utah, :finding use in Salt Lake City as a 
sheep dirf and in local acid works. It is probable that the Utah deposits 
will furnish larger quantities during 1885. 
Prioe.-The price of crude sulphur has declined from $27 per long ton 
(2,240 pounds) for '' best unmixed seconds" ju 1883, to $23.50 at the 
close of 1884. In fixing this price little regard is paid to the source of 
the sulphur, but it is baeed 011 the distinction between that part ot: cal-
carone sulphur which has a bright yellow color, which is called '' sec-
onds," and that witlJ a dirty l)rown color, which is called ''thirds" and 
is usuaJly sold for 75 cents less per ton. The brown variety is usually 
nearly as pure as "seconds," but occasionally contains as much as 6 per 
cent. impurities, frequently gypsum. The small amounts of Japanese 
sulphur received in America have been classed as '' best unmixed sec-
onds," but a cargo of 3,000 tons was sold in 1883 at San Fr,mcisco for 
$20.75 per ton. The price of refined sulphur has been $40 to $45 per 
ton during 1883 and 1884. 
Foreign souroes.-The one important source of sulphur is the island 
of Sicily. The Sicilian deposits have frequently been described, and 
are treated at consideraible length in A. W. Hoffman's '' Entwickelung 
der chem. Industrie." '11he yearly production in Sicily increased from 
143,323 tons in 1862 to 171,236 tons in 1871, and the entire production 
of Italy for three years is given below. Nearly all of this is from 
Sicily: 
Sulphur produced in Italy for three years ending 1879. 
Years. 
1877 .•••...••• -•.••••..•.••• -....... - - - - . . __ • _. ____ •• __ • _______ .•. _. _________ . 











ulplmr i" also produced in Japan, China, India, Turkey, Austria-
Ilun0·ary, Spain, the Sunda and Philippine islands, and in Iceland. Oc-
currence have been noticed al ·o in 11 ranee, Suez, and Tripoli, but are 
not mined. 
Im.ports.- ulphur i imported principally from Sicily; occa ·i nal 
c< rg · · ar r c iv d in an Prauci, co from Japan, amounting to le 
than ' 0 t n · per year. The late. t ac ·otmts (,June, Us 5) are to the 
e:ffi• ·t that J 00 ton haY ju ·t b u r c ,i,·e<l at New Yorlr from Japan· 
a' mu ·h m r i on th , ay, and neo-otiations ar acti\T for forth r 
hipm•ut.·. 'Jh follo •ingtaule give· the imports of nlpbur f ,·ari-
u.. t !'a l ' • I• i I1 • \ l ' ("j, 
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Sulphm· imported and entered for-crms~mption in the United States, 1867 to 1884 inclusive. 
Crude. Flowers of sul· Refined. Ore.(a,) 
Fiscal years ending 
phur. 
Total 
June 30- value. 
Quantity. Value. Quantity. Value. Quantity. Value. Value. 
---------------
1867 ..••....••....•.•.. 
Long tons. Long tons. Long tons. 
24,544.10 $620,373 110.05 $5,509 250. 55 $10, 915 ·-···-·· $636,797 
1868 ....•..••.• •..•••.• 18,150.55 446,547 16.48 948 64. 75 2,721 -------- 450, !&16 
1869 ........•... .' .•••.. 23,589.69 678,642 96. 59 4,576 645. 04 27,149 ·· · · ·--· 710, 367 
1870 ................... 27,379.60 819,408 76.34 3,927 157. 24 6,528 $1,269 83], 132 
1871. ..•.....•...••••.. 36,131.46 1,212,448 65. 54 3,514 92. 26 4,328 754 l, 221, 044 
1872 ..•.......•.. ··•••• 25,379.55 764,798 35. 97 1,822 56. 94 2,492 ----·-·· 769.112 
1873. ····· · ...•...••..• 45,533.27 1,301,000 55. 29 2,924 35. 97 1,497 ········ 1,805,421 
1874 . .•••...•....•..••. 40,989.55 1,260,491 51.08 2,694 50. 68 2,403 ·------- 1, 26~, 588 
1875 ..............•••.. 39,683.10 1, ?59, 472 17. 83 891 ----- .... . ------·· 1,260, :!03 
1876 . .................. 46,434.72 1,475,250 41. 07 2,114 43. 87 1,927 ... ---· ], 479, 21)1 
1877 ................... 42,962.69 1, 242,888 116. 34 5,873 1,170.80 36,962 -------- ], 285, 723 
1878 ................•.. 48,102.46 1,179,769 158. 71 7,628 149. 51 5,935 ········ 1, 193, 3J2 
1879 ............. ·•···· 70,370.28 1,575,533 137. 60 fi, 509 68. 94 2,392 -·--·-·· 1,584,434 
1880. ···•·· .....• ··•··· 87,837.25 2,024,121 123. 70 5,516 158. 36 5,262 ...... 2,034,899 
1881. ..•.....••...••... 105,096.54 2,713,485 97. 66 4,226 70. 96 2,555 ---····· 2,720,266 
1882 .......•...... •.. .• 97,504.15 2,627,402 158. 91 6,926 58. 58 2,196 ······- 2,636,524 
1883. ·••••• ••••.•••••.. 94,539.75 2,288,946 79.13 1 3,262 115. 33 4,487 .......... 2,296,695 1884 ....... ............ 105,112. ]9 2,242,697 178 7 869 126 4,765 ·------- 2,255,831 
a Latterly classed under he:.d of pyrites. 
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St~tement by coiintries and b,y customs districts, showing the ir~ports into the 
[Quantities expressed in long cwts.J 
1878. 
Countries whence exported and cus· 
toms districts through which im· 1------1----:----1------,------,----1 
1875. 1876. 1877. 
ported. Quan. Val Quan· V l Q:uan· Value. Qt1:utyan_. Value. tity. ue. tity. a ue. t,1ty. 
---------------1- - ---- ---------------
COUNTRms. 
t1;W;::::·::::::::·::::::::::::::::::: :::::: ::::::::: :::::: ::::::::: -~::: ... !'.·.;:: :~~~~~ :::~~.:~~~ 
England............................... 2 $36 371 $914 298 806 168 469 
Scotland ......... ..... ... ... . . .. .... .. .... .. . .. . . . . . . 338 683 214 427 •••••..••...... 
France................................ 533 1,363 1,666 4,071 4,577 10,780 3,850 9,174 
i~rt~::: ~:::::::::::::: :·::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : t !~~ · · · 2n~1 : : : : ~~ : : : : : : : ~~ 
Total........................ . . . . 535 1, 399 2, 375 5, 668
1
29, 039 48, 868 6, 628 14, 924 
Boston & Char~~::o~::~assachusetts. 1= 1~~~ = =~ = ~= = .. · · ~ 
NcwYork, New York ................ , 20
1 
42 338 68321,170 32,348 76 166 ' 
Philadeiphia. PennsJlvania.... . ...... ..... . ....... . .............. j ............... 2,590 5,240 
8an Francisco, Califomia . . . . . . . . . . . . . 515
1 
1, 357 2, 037 4, 985/ 7, 869 16, 520 3, 962 9, 518 
Tptal ..... . ..................... , 535!~ 2,375--5,668;29,039 48,868 6,628 14,924 
a '.rbe total imports enteted for consumption in the United States in the fiscal year 1884 were 3,560 
"II'efined sulphur," valued at $4,765. 
Statement by countries and by customs districts showing the·imports into the United 
[Quantities expressed in long tons.] 
Countries whence exported and cus. 
toms districts through which im· <--- ---
ported. Quan. V 1 Quan. V 1 Q'!lan· Value. Q'!lan· Value. tity. a ue. tity. a ue. t1ty. t1ty. 
1875. ]876. 1877. 1878. 
1----:----·1-----------
- --------------------- . -----------
COUN'fRIF,S, 
.Austria............................... 25 $973 ......................•••...•..•.•..••••..•.. 
1 DutchWostlndiesandDutchGuiana ...... . ......... 1,515 $15,427 ................•.•...••...... 
~n~land.... . . . . . . . . . .. . . . . . . . . . . . . . . . 48 1, 966 30 1, 211 425 $14, 631 (7) $16 
Scotland.... . .. .. . . .. . . . ....... .... . . . ... . . . . . . .. . . .. 24 910 472 13,231 160 3, 96 
~~f ;;;I~ttrrm: j;;: :::::; :; :;;;;: :::i:::: :::~'. :<:~; )~ ;;:;;;;r 
ltaly · · · · · · · · · · · · · · · · · · · · · ............. 88, 907 1, 236, 202 46, 9411, 439, 839 41, 8191, 194, 000 47, 4941, 161, 367 
Japan······· · ············ -. . . . . . . . . . . . 604 15,959 456 16,291 437 13,137 256 7,548 
Portugal ........... .. ............................................................................ . 
<an.Domingo .................................... . .• . .............................................. ~~::~sh p~~sessi~~s ·~ A.fric~ ·~~i ~a.:· ......... .. .... ....................................... . 
jacentislands ...... . ...... . ... . ................................................................ . 
Total...··· .. · • · · · · · · · · · ..... . ... 39, 584 1, 255, 100 48, 9661, 473, 678'43, 443 1, 242, 788 47, 922 1, 178, 156 
DIS'fRICTS. =---- -----------------
Baltimore, Maryland ......... . ........ 3 000 98,900 5,157 157,828 3,882 105,175 5,455 138, 20~ 
~~~~1-~;~1~o~~~~t~~~:::::::::::: :::::. ::::.:::: :::::: ::::::::: :::::: ::::::::: :::::: :::·::::: 
Ho,iton & 'harlestown,Massachusetts. 5 222 168 129 6 031 154 883 3 931 101, 2151 5, 705 131,945 
fhfrlest-0n, outh Carolina ........ . .. . .. : ........ : ..... : . . .... . ' ...... :... ......... 526 12,267/ 





.... ewL r~e.y . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . 1, 071 31, 802. 462 13, 240
1 •• ·w 1· an ., omsiana. ..... . ........ . . . . . . . . .. . . . . 172, 6, 705 150 4,750 ............ .. 
·, 0 ~ York, .. ew York ....... . ....... . 23, 313 740, 404 24 524 721, 002 21, 867 654, 907 28, 240 690, 9 9 
1, htl~d ·lp!Jia, Pcnns.'rh-ania...... ... . . 6, 148 188, 733 12: 549 385,071 O, 216. 256,224 6,657 167,222 
1 1· vi<ltmce, ~U11?<l\1 l land .. . ......... , 1 251 40 004 6oo' 18 232 1 730 45, 487 5H> 11,479 
:::tt~~\~i ~'.:~~-~i•::: :::: ::/,~ ::,,:;;.; ::•:,, :/;;;, _'.~gj li.:l~ }~ :: i,~; 
Total.. .. ·· • ·· .... ·· · ........... . 
1
:l!J, 5841, 25:i, 100
1
48,0001, 473, G78l43, 44:3i1, 242, 788
1
47, 02y, 173,.156! 
SULPHUR. 
United States of refined sulphur each fiscal year, j1'om 1875 to 1884 inclusive. 
[Quantities expressed in long cwts.] 
1879. 1880. 
Quan. ~uan-
tity. Value. tity. Value. 
,1881. 1882. 1883. 
Quan· 
tity. 1 
Quan· VaJ Quan· 1 Va ue. tity. ue. ,tity. Va ue. 
871 
1884(11), 
Quan. V 1 
tity. a ue. 
--1----1·--1----------------f-----+----1---
:::::: :::::::::: :::::: :::::::::: ·····2oi ...... $389 :::::: :::::::::: --·2i2 ...... $473 ::::::: :~::::::: 
352 $693 624 $1,169 397 763 1)88 $862 495 1,089 ...........•..•• 
4, 774 10, 270 2, 556 4, 361 2, 354 · 4, 728 5, 901 
······ ..• . ...... .... .. ..••... •. . . ... . •. . ...... .. . . 106 
11, 333 1, 708 3, 357 .............••. 
254 97 231 ..•.••.. •• .•..•. 
. . • • . . . • . . • . . . . . . . . • . . . . • • • . . • • . 120 241 1, 496 3,,202 ·····: ......................... . 
.. -. -.. . . --..... - .. .. . -. .. .. .. . ------ . .. .. . . - .... -- . --........ -- .. ; -- .. -- ~ -......... - .. -. . .. --.. - ...... ... ........ - ... --. . . .. .. -.. - ..... .. 
5,126 10,963 3, 189 5,530 3,072 6,121 7,891 15, 651 2, 512 5,150 ............... . 
=====:1-=====I==== 
...... .... ...... 440 671 ..•.•.•..••....... ······ ......................................... . 
915 1, 534 10 30 322 635 16 122 · 5 16 ............... . 
-~::: ·,··::::: ·::::: ·····::·:: ···::·::: -----~::: ·:::f ·::::: ·::::: ·····::·::(::: ::::::::: 
long hundredweights of "flowers of sulphur," vaJued at $7,869; and 2,520 long hundredweights of 
States of crude siilphur-m· b1·imstone each fiscal yem·, f1·oni 1875 to 1884 inclusive. 
[Quantities expressed in long tons. l 
1879. 1880. 1881. 1882. 1883. 1884{a). 
Quan. V 1 Q~an. Value Quan· V l Quan. V l Quan• V 1 Q~mn· Value tity. a ue. t1ty. · tity. a ue. tity. a ue. tity. a ue. t1ty. · 
·····2 ······$335 ..... i ·······$22 :::::::: :::::::::: ::::::::::::::::····is ···--is19 ::::::: :::::::::: 
806 19, 287 1, 664 36, 444 1, 668 $43, 311 755 $20, 294 3 88 ............... .. 
: : : : : : : : : : : : : : : : · · · 988 · · · · 2S: 580 : : : : : : : ; : : : : : : : : : : · · · 520 · · · · is; 110 · · · · 34 · · · · · · 858 : : ~::: : : : : : : : : : : : 
...... .......... ...... ... .. •... . ........ .......... 2 8 .... .. ........................ .. 
. . . . . . . ...... .............. .... .. : . . . .. . . .. . . . . . .. 500 13, 927 . . .. . . . ....................... .. 
64,420 1, 453, 138 80, 301 1, 862, 712 102 Fl 2, 645, 293 92, 944 2, 504, 862 92, 861 2, 248, 870 ...........•...•. 
224 4, 528 282 4, 744 691 16, 253 2, 980 66, 356 l , 038 23, 714 ................ . 
467 10, 410 . . . • . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . ...... •. . ..........................•..... 
:::::: ::::::::: :::::: :::::::::: ::: ;o,;:::: ,:;;, --': ... '::;-··;: --;~:: :::::: :::::::::: 
------------,-------------------
65, 019 1, 487, 698 83, 236 1, 927, 502 105, 4381 2, 713, 494 97, 956 2, 627, 402 94, 536 ~~ ~: ~ 
0, 969 157, 24313, 827 313,342 16,477 430, 91713, 781 364, 38411, 977 286,438 15,037 303, 220 
GOO 13, 780 . . . . . . . . .. . . . . .. . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. : . . • .. 650 16, 163 
. . • . . . . • • . . . . . . . . .. . . . .. . . • .. .. . . . . . . . . . .. . . . .. . . 540 13, 889 . . . . . . .. • . . . .. . GOO rn, 259 
7,841 173,5()6 8,207 183,486 8,860 226,801 7,467 194,317 7,756 173,569 5,294 112,152 
605 13, 812 1, 061 25, 398 3, 065 78, 741 6, 025 161, 281 4, 051 106, 235 6, 125 132, 570 
890 21, 907 . . . . . . . • . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . • . . . . . . . . . . . . . . . •........ 
• . • . . . . .. .. . . . . . . .. • .. . . . . . • . . . . . . . . . • . . . . . . . . . • • . 9 310 . .. • . . . ........................ . 
443 10,175 ...... ·········· ................................................ . ...... .. ..... ... . 
lOO 2, 087 280 7, 121 100 2, 646 220 6, 516 428 10, 378 ................ . 
36,543 827, 193 46,657 1,083,784 57,608 1,463,082 46,531 1,260,222 45, 3851, 110,313 52,478 1,135,725 
11,704 263, 467,JO, 67~ 254,892 17,987 477,54714, 839 408,61122, 772 549, 0?5l 18, 786 40¼, 468 
:::~~ :::::~.:~~~
1
. ~:~;~ .. .. :~:i~: ..... ::: .<::.::: :Ji~ Jtm .i,.~~: ... ::,.:~;h,-::~ -·-ii;:.;:: 
............. - .. ... . . . .... -·... . .. . . . .. . .... . . . . . 586 15,842 560 14, 36:> ................ . 
65,910 l,48'7,G98183,236il,92'7,502 105, 438 2, 713, 494197, 956 2, 627, 402 94, 536 2, 288, 7951105, 143 2, 242, 678 
a Sources not reported, 
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The foregoing tables show the distribution of the imported sulphur, 
as well as the sources from which it came. The refined sulphur imported 
from England and France is of Sicilian origin, which is simply refined 
in other countries. The imports of crude sulphur from England, Scot-
land, and France are principally reshipments of Sicilian sulphur. 
In addition to the above amounts, some lac sulphur, or "precipitated" 
sulphur, is imported for pharmaceutical purposes, as shown in the fol-
lowing table: 
Lac sulphur imported and entered for consumption in the United States, 1879 to 1884 in-
clusive. · 
Fiscal years ending June 30- Quantity. Value. 
Pounds. 
1879 .•.•••••••••.•.....•.•.•..•..•.•••..... ; . • . • • . . • . • . . . . • • • • • . • • . . . . • . • . . • . . . . . 10, 012 
1880. . • . • . • . . . . . . • • • . • . • • . . . • . . • • . . • • . • . • • • • • . . . . . . .. • . . • • • . . . • . . . . . • . • • • . . • . • . . . . 13, 903 
1881. ..............•...•.........••.•..•••.•••.....•..•••..•....•...•....•..•...•.•.•.....•.• 
1882.............................. .... . . . . . . . . . . • . . . . . . . • . . . . . • • . • . • . . . . . . . . • . . . . 28, 217 
1883 .••..••...•...••••.••••..•. ..•• .....•. ···•·· .•.......... ... . . •. . • .. . . . . . . • . .. 30,197 







Extraction of sulphur from its ores.-It is customary in the few Amer-
ican refineries to extract sulphur from the earth and other foreign mat-
ter with which it may be mixed by heating the ''ore," as this mixture 
is called, either in large retorts or, more frequently, by superheated steam 
in furnaces somewhat like a blast furnace. The sulphur melts, is col-
lected at the bottom of the furnace, and is run into settling tanks, where 
it is kept melted until the slight impurities settle off. As the compara-
tive cost of refining sulphur in this country and in Sicily is the vital 
point in the competition which must ensue before American sulphur can 
gain footing in the general market, it is useful to compare the above 
methods with those which have been in use for many years in Sicily. 
Such a compari on is aided by the admirable translation by Mr. W. S. 
Bailey, for the .American Chemical Jonrnal, of Vincent's paper upon the 
extraction of sulphur. In Sicily, as in the western part of this count,ry, 
scarcity of fuel is one of the difficulties. The earliest method adopted 
to overcome this in Sicily consisted in using sulphur itself as a fuel for 
heating more ulphur until it melts and runs out of the mass of earth, 
gyp. um, etc., with which it is mixed. The ore was piled in a stack 6 to 
15 fe t square over a ditch 3 to 4 incbeR deep with its bottom beaten 
hard and loping to a ingle point, permitting tlie sulphur to fl.ow out 
through an op ning called the" morto." In building the stack care wa 
taken to put the large t pieces of ore at the bottom, dimini hing the ize 
towar th top. The con truction of the tack usually occupied two 
da · . On the e ening of the second it was ignited. The heat of the 
urniu nlphur au ed that part of it to which the air bad no acce s 
t m 1 a l r n out through the opening at th bottom. On the fourth 
P rnti n wa. c mplete and the stack pull d lown. By thi 
·al car lli' m th d 385 pound of s lphur w re btain cl from 
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6,700 pounds of ore, or 5.7 per cent. from ore containing from 25 to 45 
per cent.; 1,960 pounds of sulplmr were burned as fuel in order to fur-
nis 385 pounds of sulphur. In 1850 this process was markedly improved 
by changing the calcarelli into ''calcaroni." The latter are, as the form 
of the word indicates, similar to calcarelli, ~ut on a much larger scale 
and better plan. A hole 30 feet in diameter and about 8 feet deep, so 
arranged (usually in the side of a hill) that an opening can be made at 
the lower side, is walled up with gypsum and made sulphur-proof by a 
coating of plaster-of.paris. The bottom slopes down the hill. Within 
this wall the sulphur ore is built up in the form of a dome, and <',Overed 
with a layer of spent ore. Holes are left at appropriate intervals for 
the draft, which must lJe regulated with the greatest care to secure the 
best yield of sulphur. The calcaroni are built to last ten years, and~ 
have a capacity of from 50 t.o 500 "cassa" (a cassa = 2.5 to 5 tons). The 
calcarone is lighted by dropping burning straw and sulphur into the 
openings. It is allowed to burn for an hour and then all the openings 
are closed for eight to nine days. About this time mixed vapors, consist-
ing of water, sulphur, and sulphur dioxide begin to make their way out 
of the heap, and a deposit of sublimed sulphur is found near the closed 
draft holes. At the same time the tap at the bottom becomes hotter until 
it is red hot. By opening the tapbole the workmen observe whether a 
considerable amount 0f melted sulphur has collected. In some works 
the sulphur is allowed to collect until the operation IS finished and is 
then drawn off and cast; but at most places it is drawn off -twice or 
thrice every twenty-four hours. The length of time consumed in the · 
whole process varies with the capacity of the calca,rone, the nature of 
the mineral, and the atmospheric conditions; being slower as the ore is 
harder and the atmosphere colder. Small kilns usually require from 
thirty to thirty-five days and large ones eighty to ninety days. The 
proportion of sulphur burned · in this process is variable and depends 
upon many conditi9ns. It is particularly large when the ore contains 
much gypsum (consequently considerable water), or when it is brought 
into the oven in a moist condition, or when there is a heavy rainfall 
during the burning. With long-continued rains it sometimes happens 
that all the sulphur is consumed. In a well-conducted operation, with 
an ore containing 25 per cent. sulphur, 70 per cent. limestone and gangue, 
and 5 per cent. water, one-fifth of the sulphur should suffice, according 
to theory, to melt out the other four-fifths; jn practice, o·ne-third to two-
fifths is required. 
It scarcely needs to be stated that numerous methods have been pro-
posed for avoiding this waste of sulphur, and more particularly the great 
damage to agriculture in the surrounding country. So great is this 
nui ·ance that the Italian Government forbids "burning the ore" between 
.J nly 1 and December 31. Heated air, steam under pressure, superheated 
steam, and various solvents have been in turn proposed for the purpose 
of obtaining tbe greater part of the sulpp.ur without the production of 
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sulphurous fumes. In the heated.air process a ch.amber of masonry is 
filled with the ore, and a current of warm gas from a hearth fed with 
wood or coal is sent into it. This prevents in a gi·eat measure the pro-
duction of sulphurous acid, but the action is slow and the mass of ore 
is irregularly heated. A large amount of fuel is used and the number 
of employes increased, so that the economy over the old method is slight. 
The use of superheated steam, as carried on in Nevada, seemed at· first 
to 9ffer the best solution of the problem, for its action is very simple 
and rapid, and the sulphur obtainec.l is of good quality. The yield is 
better than in the calcarone process, and no sulphur dioxide is pro-
duced. In a country where fuel is cheap there is little doubt but what 
this process would be advantageous, but in a region like the Rabbit-
hole district in Nevada experience will probably show, as it bas already 
done uuder very similar conditions in Sicily, that the advantages are 
counterbalanced in great part by the extra expense of purchasing and 
maintaining the equipment, a8 well as furnishing the fuel. The neces-
sary apparatus consists of boilers for generating the steam, tanks to 
receive the ore, and the other accessories. The proportion of fuel used is 
considerable, in consequence of the large amount of steam necessary to 
heat the ore, and of waste by radiation from a . large surface of tanks 
and boilers. The extraction by dissolving sulphur in carbon bisulpbide 
and regaining th~ solvent by distillation is inconvenient because of the 
very great care needed in the arrangement and running of a necessarily 
complicated plant. These difficulties have prevented the use of such 
processes in Italy to any great extent, so that the old method of the 
calcarone is still generally employed. But within the last year or two 
another method of extraction has been found so applicable to the con-
ditions of Sicilian sulphur mining that it is hoped that it may also be 
·valuable under analogous conditions in America. The method consists 
in melting the sulphur in a bath of water containing so much calcium 
chloride that it can be heated to the melting point of sulphur without 
boiling. In 1805 Thomas proposed immersing the ore in salt solutions 
heated to a suitable temperature. Balard, in 1867, thought tbe water 
from the salt marshes, w:h.ich is rich in magnesium chloride, might 
an wor. Finally, in 1868, Deperais took out a patent in Italy for the 
extraction of sulphur by the immersion of its ores in a liquid heated to 
10° to 20° C. above the fusing point of sulphur. By this means it is 
eparated from the earthy sub tances as ociated with it. He used a 
, olution of calcium chloride. The apparatus con isted of a spherical 
b i1 r of 2,000 liter capacity, furnished with a stopcock for drawing off 
th liquid ulphur, and urmounted by a vertical cylindrical part, into 
which, with th. aid of a pulley, a ba ket of perforated iron, filled with 
th r , an be let down upon a grat . The apparatus i placed in a 
furn and h d dir ctly, whil the cylindrical portion i surround d 
hy lt warm pr ucts f combu tion a they go up th cbimn y. The 
ba k t f r i, 1 <l wn into tli olntion f c, lcinm cl1loride heated to 
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130° C. The sulphur melts, collects at the bottom of the boiler, and is 
drawn off by the stopcock and poured into molds. When the ore is 
exhausted the basket is raised ,and immediately immersed in water con-
tained in another boiler heated by the same fumace; this water is used_ 
to supply the place of that evaporated in the :first boiler. .At the time 
when this process was introduced calcium chloride was comparatively 
dear, so that the patent could not be worked succ~ssfully and was soon 
abandone~. Very recently it has been taken up again by MM. de la 
Tour and Dubreuil and put into successful use. Calcium chloride is 
now very cheap, in consequence of the rapid development of the soda in-
dustry (the ammonia process). It can be put down at the sulphur mines 
in Sicily at 9 francs per 100 kilograms. The apparatus of MM. de la 
Tour and Dubreuil consists of two rectangular tanks 6¼ by 4¼ by 21 feet. 
The bottom is inclined 1: 10. They are placed in the same furnace, and 
heated alteruately by the same fire, which is fed with cok~, lignite, or 
coal. The ore is placed in one of these tanks, in which is also placed 
a solution of calcium chloride boiling at 120° C. Heat is then applied. 
The sulphur melts gradually and is drawn off directly into molds by 
means of a spigot. The whole operation lasts about two hours. The 
end is reached when the sulphur ceases to flow. The calcium chloride 
solution is tben drawn ofl' into the other tank previously charged with 
ore. Half the liqu{d flows through a communicating tube; the rest is 
received in a vat built in the ground and is raised by a pump. The 
gangue is washed to regain the salt which it has absorbed, and this 
dilute solution is used in filling the tanks as occasion demands. The 
heat is then directed upon the second tank, and the first is cleared and 
recharged. There is no interruption in the work and the heat from the 
:fire is all utilized. The sulphur obtained contains only 0.1 to 0.2 per 
cent. of impurities, while that obtained from the calcaroni contains from 
2 to 3 per cent. There is left in the gangue but 4 to 5 per cent. of the· 
sulphur originally contained in the ore. In this treatment certain ores 
are completely disintegrated, in consequence of the f'nsion of the sul-
phur, which then contains earthy matter. The following form of ap-
paratus is, however, applicable to all kinds of ores. The tanks are 
horizontal, and are divided longitudinally through the center by a gut-
ter with inclined sides, which collects the sulphur, and from which it 
is drawn. On its sides iron gratings are built vertically to keep the ore 
from falling into it. These gratings are made of bars of sheet iron -h 
inch thick and 1 inch wide~ placed -lo inch apart. By this arrangement 
even the :fine powder formed in mining can be treated. This powder, 
known as " sterri," is always richer than the average ore, because in 
getting out the ore the rock breaks along the lines of least resistance, 
which in this case are the veins of sulphur. On account_ of its friability 
the sulphur is reduced partially to dust and forms a large part of the 
mixture. · 
At the Tronica mine, in the Caltanisetta district, in Sicily, the ·ordi-
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nary ore gives 21 per cent. sulphur by the calcium chloride method, 
and only 12 to 13 per cent. when treated in the calr.aroni. After the 
treatment of a large amount of sterri, MM. do la Tour and Dubreuil 
estimated the cost of extraction of a ton of sulphur at 12¾ francs in the 
case of a mean yieJd of 33 per cent. of the weight of the ore. It seems 
possible that this method might give satisfactory results in this country, 
where some other salt might be substituted for calcium chloride, if the 
shipment of this from England should make it too expensive. 
Utilization.-A comparatively small quantity of sulphur is used in the 
manufacture of gunpowder; sulphur compounds, such as carbon bisul-
phide, for protecting California vineyards from mildew; and in the manu-
facture of ultramarine in Newark, New Jersey. There was formerly a 
small consumption of Nevada sulphur in the chloridizing-roasting of 
silver ores; but in the few cases in which sulphur is needed to effect 
the reactions, it is now added in the form of copperas. Nearly all the 
sulphur is now used for making- sulphuric acid·. It is difficult to esti-
mate the total amount of this substance produced each year, but it is 
estimated that· 306,000 short tons of sulphuric acid were made in 1884 
from crude sulphur, and about 122,000tons from pyrite. The only note-
worthy improvement in the manufacture of sulphuric acid bas been in 
the direction of using pyrite as the source of the sulphur, and a discussion 
of this subject will be found in Mr. Martyn's paper on pyrites, immedi-
ately following this section. A small amount of common sulphuric acid 
and some fuming sulphuric acid are imported for special purposes, 
according to the following table: 
Sulphuric acid imported and entered for consu.mption in the Uni ted States, 1867 to 1883 in-
clusive. (a) 
Fiscal years ending .June 30-
1867 .. •••• • •••••• .•••...•...••••. ·•••·•··•· .••. 
1868 ..•....•. . ••• .. •··•·• ...•.........••..••... 
lb69 . . •.•....••••..••••..•••••. ·••·•• .••....... 
1870 ..........•••.... ·•·••• ••••••.••.....•..... 
11171 ..•..• .•• •••..•.•••••••.•••••........•. ••. . 
1872 ..••••..••.....•••..•.•••••••••.•.••••..••. 
1873 ..•••...•.•••..•••.••••••••••..•••••...•... 
]b74 .•.....•••..•.•...•••••••••••••••••....... . 
1875 ······ ..• .•.•.••••••••... ··•·•· .•.•......•. 
1876 ·•···••·· ·•·••· •.•..•.••..••. ·••··•·••••· .. 
tE! : : : : : : :::::: :: : : : :::::::::::::::: ::::: :: : : : 
i~·········································· · 
1882 ::::::::::::::::::::::::::::::::::::::::::: 






















a.Not specified fo 1884. 
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PYRITES. 
BY WILLIAM: MARTYN. 
OCOURRENOE IN THE UNITED STA.TES. 
New Hampshire.-From this State comes an excellent ore, admirably 
adapted for acid making, and in this respect comparing favorably with 
the best Spanish ores. It is mined at Milan, in Coos county. The shaft 
is close to the Grand Trunk railway, connection with which is made 
by a short tramway. The vein is ~5 to 25 feet wide. In addition to 
the ore sold to sulphuric-acid makers, large quantities of ore carrying 
a fair percentage of copper and silver are mined, and this is picked out 
from the other and smelted at the mine, the resulting argentiferous 
copper matte being shipped to New York to be refined. The propor-
tion of the different grades of ore is said to be as follows : 
Marketable ore for acid works . _ .. _ .. __ .. __ . 
~~J1~r -~:~ -~o~- ~~~~~~~::::::::::::::::::::: 







The composition of Milan No. 1 ore is about as follows: 
Per cent. 
Sulphur·-----··-··--···--··-·- -- ··-··· .. - ··- 48. o 
Iron.-----.--·----··-----·---···._ ... ··---·-· 43. 0 Copper .• -_ .. _ • ____ . ___ . _ ... __ .. __ . __ . ____ . _ . 1. 6 
Zinc. - - .. - - .. ---- - ..• :. _____ . _____ .. __ . _____ . 1. 5 
Silica .. -- .. -. - - - - . - - .. __ .... .. _. __ .. _____ . __ . 5. 0 
Arsenic . ___ -_ .• __ ... __ .. _ ... _ ..... _ .. _ . ____ . traces. 
99.1 
The ·ore is compact, burns readily without making any cliuker, and 
requires a minimum of attention to insure thorough desulphurization. 
Milan No. 2 ore contains less sulphur and more zinc than the above . 
. The latter metal (which is sometimes present to the extent of 11 per 
cent.) often prevents the recovery of' a fair proportion of the sulphur of 
the ore, owing to the formation of sulphate of zinc, which requires a 
higher temperature. for its decomposition into sulphuric anhydride and 
o:tide of zinc than the sulphateis of copper and iron (which are also 
877 
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formed in the burners) need ·for their decomposition. It is claimed, how-
ever, that the zinc in excess of, say1 5 per cent. does not lock up any 
sulplmr in the cinder. Some oxide of zinc is liable to be carried over 
ibto the flue, where it is deposited. The mining company supplies the 
ore broken to size and screened ready for charging into the burners. 
The ore is shipped over the Grand Trunk railway to Portland, a dis-
tance of 102 miles, and from there sent via the Eastern railroad to 
Boston (108 miles), or put on board vessels for New York and points 
south. The mine is owned by the Milan Mining Company of Boston. 
Vermont.-At the Ely mine large quantities of low-grade pyrites are 
mined, but owing to its low sulphur contents and the inaccessibility to 
markets, it has not thus far been used for acid ma.king. · 
Massachusetts.-In the town of Rowe, Franklin county, is the Davis 
mine, at which work was commenced in June, 1882. The vein varies 
between 12 and 22 feet in thickness, and has a dip of about 19°. The 
foot wall is a micaceous schist, and the banging wall a chloritic slate. 
· Two shafts, 350 feet apart, have been sunk on the dip of the vein. 
Shaft No. 1 bas been carried to a depth of 300· feet and No. 2 to a 
depth of 130 feet, and hoisting appliances are in working order for rais-
ing 7,000 tons per month. Three drifts have been driven, aggregating 
800 feet in length, and a considerable quantity of ore has been mined. 
The vein material is almost pure iron pyrites, with a slight admixture 
of copper pyrites and quartz. The iron pyrites is distinctly crystalline, 
the crystals being about one-tenth of an inch across. The proportions 
of the principal constituents of the ore are about as follows : 
~~JE~~::::: :::: :::: :: ::::::::::: :: : : : : :: : : :: : : : 
imt1~~: ~~:::::: : : : : : : : : : : : : : : : : : : : : ~::::: : : : 









The "smalls" ore is of remarkable purity, contains upwards of 48 
per cent. sulphur, and i admirably suited for use in shelf burners or in 
Spence's mechanical furnace, in either of which it is readily burnt down 
to 3 per cent. sulphur. The smalls are all screened before being shipped 
from the mine, so that there are no pieces larger than -i\·-inch ~ize. A 
large quantity of Davis ore, both lump and smalls, h~s been burned 
during the pa t thirty months, and it is in favor with some manufact-
ur r , who find it fr e from ar enic. This, while of no great moment so 
far a. th quality of the greater portion of the acid made i concerned, 
• an imp rtantmatter a regard the wear and tear on cbam-
r 1 a<L h' avi. re. is put on rail at Charlemont station, on the 
a 1 l J ngiug the tat of fa achu tt . Charlemont i 128 
fr m .) 't n, 4... mil s from Troy, and 104 miles from N w Haven, 
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which is the shipping port for New York and points sout,h. From New 
1Javen to Philadelphia, New Yoi'k, etc., the ore is shipped aboard coal 
vessels, w hieli are glad to get it as a return cargo at moderate rates. 
New York.-There are mines in Saint Lawrence county, near De 
Kalb. The ore contains 38 to 40· per cent. sulphur and 2. 75 per cent. 
copper . . Some of it is. said to contain considerable silver. The ore i~ 
shipped to Canada and to Detroit. 
Virginia.-In Virginia are extensive supplies of rich pyrites that have 
taken a good place in the market. Several mines have been opened 
out iu Louisa county, and a good deal of work has been done. The 
pyrites is overlaid with hematite iron ore, which has been worked, by . 
an open cut, for iron making since 1834. The hematite has doubtless 
resulted from oxidation of the bisulphide. After: passing through 
about 60 feet of "iron hat" the bed of pyrites is reached. Down to the 
lO0~foot level it is generally decomposed and granular, falling readily 
to pieces, and it is permeated by water so heavily charged with salts 
of iron and copper as to destroy iron pipes or tools in a few weeks. 
Neither the foot nor, hanging walls yield other than pure water. The 
deposits, which are 10 to 65 feet wide, lie wholly in the primary rocks, 
here consistillg of gneiss and crystalline schists (micaceous, chloritic, 
and argillaceous) within a boundary inclosing, say, 3 miles in width by 
10 miles in length, their general direction being northeast and south-
west. The following analysis of Virginia ore is by Dr. Volcker, of 
London: 
' 
~~E~~~.:::::::: :::·.:: :: :::::::::::: :::::: :::::: 
Peroxide of iron ..•............................. 
Sulpb,uic acid• .......••..........•... , ......... . 
Silica .......•................................... 
Copper ........................ ····-··--· ...... . 










Some cl'lernists have detected the presence of arsenic, but there can _be 
no doubt that if present the amount is altogether insignificant. Other 
analyses show 46 to 50 per cent. sulphur. Latterly the percentage of 
copper has increased to a gratifying extent, and in this way the value 
of tlte ore has been greatly changed. Three mines Lave been worked in 
Louisa county, belonging to tile Arminius Copper Mines Company, the 
Su1phur Mines Company of Virginia, and Messrs. Charles Lenning and 
Boyd SmitlJ, respectively. At the Arminius mine two shafts have been 
sunk: over 500 feet of drifts driven, and stopes capable of a daily output 
of several huudred tons arc being worked. A Becket & McDowell hoist 
of the necessary capacity has been put in, and all the appurtenances 
required for <.loiug a vcr,y Ia,rge amount of work. .A. private tramway, 2 
mile Jong, eounecti:, with the Chesapeake and Ohio railroad at Tolers-
v ille sLatio11. Tolersville is 56 miles from Richmond ancl 133 miles frow 
880 MINER.AL RESOURCES. 
Newport News, either of which ports offers unexcelled facilities for 
shipping north or south. The mines of the Sulphur Mines Company of 
Virginia are 2 miles northeast of the Arminius mines. It is claimed 
that at these mines there are developments to the extent of a million 
tons of ore in sight, and the company proposes to build a railway con-
necting with Tolersville station at an early date. The Arminius and 
Sulphur Mines companies combined early in 1883. 
Georgia.-The pyrites raised at two mines in this State has been used 
for the manufacture of sulphuric acid. The mine of the Tallapoosa 
Copper Reduction Company is in Haralson county, and that of the 
Paulding County Mining Company is in Paulding county. The mine 
belonging to the latter company is on the East Tennessee, Virginia 
and Georgia railroad, 30 miles northwest of Atlanta. The vein is a 
well-defined and regular one varying from 5 to 8 feet in width. The 
shaft has been sunk vertically, to a depth of 35 feet, to the vein, the 
dip of which (30°) it then follows. Some of the ore contains as much 
as 11 per cent. copper, but the average is very much lower. The Georgia 
ores are somewhat irregular in quality and the supply is intermittent, 
so much so that there is. a proba,bility of the chemical company v.t At-
lanta which has been burning these ores abandoning them in favor of 
brimstone. They contain about 
Sulphur ...................................... . 





Some ore from the Paulding County mine has been sent by rail to 
·work in Tennessee. 
Deposits not now worked.-There is scarcely a State in the Union in 
which pyrites does not occur to a considerable extent. At the present 
time all sulphuric-acid makers can be cheaply supplied from the mines 
already opened. As new acid-making centers spring up, doubtless 
many of the exi ting deposits not now worked will be drawn upon. 
Probably as the -demand for sulphuric acid in the far West increases 
the exten ive supplies of auriferous pyrites there worked will be utilized 
in its manufacture, unless the brimstone mines of Utah and Nevada 
are able to mine the ore and extract the sulphur at very low rates. For 
varticulars in r gard to the occurrence of pyrites in the different States 
r fer nee may be made to the list published in the '' Mineral Resource 
f th nited tate , 1882," beginning on page 667. 
The depo ·its in outh Carolina, though not developed, seem to offer 
'tr ug induc ments to capitali ts considering the near proximi y of 
barl ton antl Baltimore. The ore mined about fifteen year ago at 
n h n ' ... · on the Hnd on river, New York, wa not pyrite but 
P. -rrh i , quit' uu uitable for acid-making, and only indifl' r nt nc-
. · · at ·u 1 'l it~ 1 ·e. cv ral thou -an<l tou, f it w r u' d dif-
•r t work · in th vicinity of 
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was selling at fabulous prices, but when the latter fell the manufact-
urers who had been using the ore were gfad to return to the use of the 
brimstone, and would have done so e,en if they had not been com-
pelled to by changes brought about through the mines having changed 
hands. 
FOREIGN DEPOSITS. 
Ganada.-The ore from the Canadian deposits was the :first to be used 
in this country for making sulphuric acid. It is now almost twenty 
years since the company at tlle head of which was the ]ate General 
Adams opened out several properties in the province of Quebec, the 
ore from which was burnt at Malden, Massachusetts, Bridgeport, Con-
necticut, and at several works in the neighborhood of New York City. 
The mines subsequently came into thr hands of a Scotch corporation, 
which retained all the ore for treatment (for copper) at the mines1 and 
thus those manufacturers who had been using the ore were compelled 
to agaiu resort to brimstone. The Canadian mines now furnishing 
pyrite~ for acid-making are. the Albert mine, belonging to Messrs. G. 
H. Nichols & Oo., of New York, and the Crown mine, belonging to the · 
Orford Copper and Sulphur Company. The Crown mine is situated at 
Oapelton, 8 miles from Sherbrooke and about 30 miles north of New-
port, Vermont. The beds occur conformably with the stratificatiM1, 
forming in places large chimneys of ore sometimes 40 feet wide. ThelSe 
chimneys increase and diminish in wid~h, t,hus forming lenticular 
pockets. The contractions occur both in the line of the strike and of 
the dip. With these chimneys exist horses which run down with them 
from the surface. One chimney may be chiefly iron pyrites, while the 
next may be principally copper pyrites. So regular are these forma-
tions that the foremen when opening up levels in new ground are able 
to tell what class of ore they are about to find. The country rock is a 
chloritic slate interspersed with a number of quartz veins which pre-
sumably are auriferous, as gold can be found in almost all the streams 
flowing from the hills. The ore is delivered through a tunnel 1,000 feet 
long over a short tram way to the spalling shed, thence over a gravity 
road to the Passumpsic railway, where it is dumped directly into cars. 
The cost of handling and delivering on the cars ( exclusive of spalling) 
is said to be not over five cents per ton. The ore is quite compact and 
forms very few smalls in breaking. It burns well in the kilns, in which 
the charge may be 25 per cent. larger than with Spanish 48 per cent. 




Arsenic ...... . ............... . 
Silver ........................ . 
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The ore is shipped over the Passumpsic and connecting railroads to 
New Haven (330 miles), where it is put on board vessels for New York, 
in the vicinity of which city it is being used at the rate of about 1,300 
tons per month. The cinders have been smelted at the works of ~he 
Orford Company, at Bergenport, New Jersey. Latterly considerable 
quantities have been treated by the wet process for both copper and 
silver, the relatively large proportion of the latter metal being a set-off 
to the comparatively low value of the :residual purple iron ore, owing 
to the large percentage of silica. 
The ore from the Albert mine contains less sulphur and more copper 
than that of the Crown. It is usecl at the works of the mine ownerR at 
Laurel Hill, Long Island. The cinders are afterwards smelted at the 
same works. · 
Spain and Portugal.-The most important foreign deposits are those 
of Spain and Portugal, the ore from which has been so successfully 
used in Europe for many years past. The~e deposits were worked for 
copper by the Phamicians and Romans, but their recent development 
dates only about twenty-five years back. The metaliferous zone ex-
tends in an approximately east-and-west direction from El Castillo de 
las Guardas, north of the town of Seville in Spain, through the Span-
ish provinces of Seville and Huelva, and through Portugal to the At-
lantic ocean. The beds have been opened at the eastern portion of the 
zone; that is, in western Spain and eastern Portugal. The zone is 10 
to 15 miles wide· and 90 miles long. Tb.e principal mines, reckoning 
from east to west, are the Rio Tinto, Poderosa, Buitr@, and Tharsis in 
Spain, and San Domingo in Portugal. The province of Huel-ra, in 
which are the Rio Tinto and Thl:},rsis mines, is composed of carbonaceous 
or culm schist and graywackes, plicated by the upheaval of granWc 
rock formjng the Sierra Morena range, which runs parallel with the 
metalliferous zone. A later perio<l. was marked by the appearance of 
quartz-porphyry, while the deposits themselves are attributed to the 
Permian period by M. Cumenge, a leading French engineer, who he-
Ii ve them to be the quivalent of the carbonaceous schists of Mans-
:£ Id, the and tones impregnated with copper ores of the Correze, of 
the Rhine, of the Saar, and of the Ural mountains. Since the formation 
of the pyrite"' depo its, movements have taken place which have caused 
.ti nre in the b ds, and the upper portions of the deposits have, under 
atmospheric action, been converted into oxide of iron, forming an iron 
bat from 30 to 150 feet thfok. In the southeastern part of the zone the 
·chi ts have been co e1ed by a horizontal layer of from 10 to 13 feet of 
r ck which i min cl a an iron ore. There are al o eruptirn rock of a 
mor r cent <late. The pyrite depo it are closely related to the por-
hyri , au are foun<l. at the contact of the e and the edimentary 
r ck. r in th 1 tter. The Rio 'I into ompan ha t"o principal earn 
f r' th n rth vein nd the outh veh1, 3,500 and 2,500 feet long r · 
h 'latter i · the one from which mo:t of tl.ie ore has tlm far 
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been taken. It is from 300 to 400 feet wide, and until recently has been 
worked only by an open cut. In this way upwards of 5,000,000 tons 
have been taken out, consisting of compact iron· pyrites with spots of 
copper pyrites and black sulphide. At. the western part of the south 
vein there are now four hoisting shafts and three ventilating pits, the 
main shaft being equipped with plant capable of handling a daily out-
put of 1,800 to 2,000 tons. The north vein has been comparatively 
little worked so far. It is much _more extensive than the ~outh vein, 
being at some points as much as 1,600 feet wide. According to reliable 
estimates there · are now opened out in the two veins 134,000,000 tons 
of ore, and it would seem that even after that ·is taken out the further 
supplies will be almost inexhaustible. 
In 1883, 1,099,973 tons of ore were mined, of which 313,291 tons were 
exported and the balance was treated for copper at the mine~ The ore 
is sorted into six classes: 1. Export ore. 2. Rich eopper ore contain-
ing 7 to 8 per cent. copper. This is smelted at the mine and the matte 
is shipped to Swansea. 3. Ro~sting ore, which is roasted in he3:ps for · 
use with ores of the next class. 4. Ore for E"pecial treatment in heaps. 
This is mixed with roasted ore of class 3 and built into large heaps. 
Smaller heaps of the same mixture of ores are set fire to alongside the 
large heaps. The gas produced by combustion mixes with the steam 
generated from the beating of the moistened mass and permeates the 
whole heap of ore, amounting to some 4,000,000 tons. Continumi.s 
streams of water are poured on the top of the heap, which dissolves 
out the copper as sulphate. The copper liquor is run into large reser-
. voirs built of masonry, where the copper is precipitated by scrap iron. 
5. Smalls ; these are now treated by Do.etsch's process. The ore, mixed 
with one-half of one per cent. of common salt and a like quantity of 
persulphate of iron, is built up into large heaps, and a solution of per-
chloride of iron is run on it in a continuous stream. The solution run · 
off at the foot of the heap contains chloride of copper and protochloride 
of iron. After precipitation of the copper with scrap iron the solution 
of protochloride of iron is run down a brick tower packed with :fire-
brick, etc., and is perchloridized by an ascending current of chlorine . 
generated iu a furnace from a mixture of common salt and persulphate 
of iron. The solution may now be used over again. The smalls ore 
treated by this process contains about 2.6 per cent. copper; 50 per cent. 
of this is dissolved out in four months, and 80 per cent. in two years. 
The iron pyrites remains unacted upon, and the sulphur contents of 
the leached ore is not sensibly less than that of the originai ore. The· 
6th class of ore contains considerable quantities of ·copper, lead, and 
silver. 
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The following are two recent analyses of Rio Tinto export ore (that 
which is used for acid making): 
Sulphur ...................... : ........................................... . 
Iron .••.•.............• , .••.•.....••••••.••.••••••.••..••..••.••••...•..•. 
r~EE~~:::::::: ::: : : : : : : : : :: : : ::::::::::: :::::: :::: :: :::::: :::::: :: : : : : : : : : 
Zinc ..•..•...................•.•.....•.•...•...•••••.•••...••.•......... ·· 
.A.rsenio ....•.•..•..........•••.......••.••..••.•...•••••.••..•..•••..•.... 














a 40 grams per metric ton. 
c 26 grams per metric ton. 
b 89.2 milligrams per metric ton. 














The export,ore is shipped over a private track to .. Huelva (50 miles), 
where the company has ample wharf accommodatio:o. The cost of de· 
livering Rio Tinto ore in England is stated to be as follows : 
Per ton. J 
EiJ¥r~~~~fe~~~::: ::: : : :: : : : : :::: :~:::::::: $i lg 
1----j 
Total. ... . . ...... ..... .....•. ..... ....... 4 80 
The Rio Tinto Company's capital stock is $15,795,000, and it has 
bonds to the amount of about $18,000,000. It paid a dividend of 14 
per cent. in 1883. 
The Tharsis Sulphur and Copper Compan~T, whose mines are west of 
those of the Rio Tinto, though not operating on so large a scale as the 
latter company, yet has a very extensive property, and moreover bas 
metal.extraction works a,t all the principal manufacturing centers in 
England and Scotland, where it treats its own cinders from tbe neigh· 
boring acid works for copper and silver. It mined 490,000 tons in 1883, 
of which 202,318 tou were exported. Tharsis ore is softer than most 
of the peninsula ore , and some of it has the disagreeable property of 
xploding more or le in the burners; this is not the rule however. 
The company ha it own railroad to H uelva and its own wharve in 
· that port. It. paid-up capital is $5,708,000 and it bas a debenture 
debt of 625,600. It paid a dividend of 27½ per cent. for the year 1883. 
Th an Domingo mine, belonging to the Mason & Barry Company, 
limit , i in the outbea tern part of Portugal. The ore from this 
mine i the be t for acid·making of all the ore of the penin ula, but its 
u d n t xt nd much of late. In 1883, 382,555 tons of or.3 were 
min · n L ,4r-o ton xporte<l, as compared with 405,029 tons mined 
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and 129,437 tons exported in 1882. The capital of the company is 
$899,8!)0, and it paid a dividend of 12½ per cent. for .1883. 
France.-In France there are mines at Chessy and Sain Bel, near 
Lyons, belonging to MM. Pechiney & Co., which supply all the pyrites · 
used in the south of France. The composition of the ore is about as 
follows: 
Sulphur ........ .. .........•......••..•••...... 
Iron ..................•...•.............•..... 
~~~~~:~::: :: :: :: ::::::: :::::::::::::: ::: ::: 
Silica ......••.....•••..••.•••..•...•.......••. 









The ore from Chessy consists of loosely-aggregated crystals; which 
very readily separate on being struck by a hammer. It is very free· 
burning, and is said to be frequently burnt to as low as 1.5 per cent. 
sulphur. . 
Germany.-In Germany the Westphalian pyrites is the most im-
portant. ,The bed occurs along with heavy spar, and is traced for a 
length of 2¼ miles. Its thickness varies from_ 4½ to 18 feet. The ore is 
of a gray color, and is not crystalline. It burns without requiring 
much care, but the sulphur cannot be got down very low, owing to 
the amount of zinc present. The composition of Westphalian ore is 
about as follows: 
Sulphur ..................•...........•........ 
Iron ....•..••..•.•.••..•......•........•••••. 
Lead ......................................... . 
Zinc ..•. ....••.•••.......••.•......••..•...••. 
i~1i:f ::: : : : :::: ::: ::: :: :::::: ::::::: :: : : : : : 











Other deposits in Europe possess principally a historical interest. 
DOMESTIC PRODUCTION. 
The production of pyrites in the United States during the la~t threo 
years is given approximately below: 
Pyrites mined in the United States in 1882, 1883, and 1884. 
Years. 
1882 ...... ·····•••· · .•.•.•.•.. 
1883 .•••••.••••• •••··· .••..•.. 
1884 .•••.. •••••• •••••·•••··•·· 
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The amount of capital invested in pyrites mining is probably about 
$200,000, and the number of men employed in 1884 was 175. 
UIPORTS. 
Imports of pyrites into the United States from 1880 to 1884 inclusive. 
New-
Canadian. found- Spanish. Total. 
land. 
Fiscal years ending 
.June 30-
Tons of Tons of To:cs of Tons of 
2,240 Copper (a). Value. Duty. 2,240 2,240 2,240 
pounds. pounds. pounds. pounds: 
------------
Percent Pounds. 
1880 ...•.•....... . .. 1,958 ........... 1,125,296 $156,834 $33,758 ................ . ... ii; 927 1881. ........ . ...... 10,812 4.0 982,899 102,543 29,786 ---------· 1,115 
1882 . ............... 23,980 3.0 ], 591,814 160,473 47,754 ................ 5,838 29,818 
188'.l. ..... . ......... 25,211 2. 5 1,403,900 134,400 39,879 bl"O, GOO 35,811 
1884 (c) .••••••.•••.. 26,000 3. 7 2,154,800 ................. ................. 2,000 16,250 44,250 
a Copper contents-these are '' dry assays "-1.30 per cent. less than actual (wet) assays. The Spanish 
ore imported bas contained an average of only 1.25 per cent. copper (wet assay). Newfoundland ore 
contniJ1ecl about 3 per cent. wet assay. • 
b "Spanish" pyrites includes 1,473 tons Portugese (Mason & Barry) in 1883. The balance is almost 
all Rio Tinto ore. 
c All the :figures for 1884 are estimated, as also is the quantity of Spanish ore for 1883. This bas 
been rendereu necessary by tho practice of some of the custom houses not keepin·g pyrites separate 
from iron ores. 
MANUFACTURING. 
Works burning pyrites.-There are at present twenty-three establish-
ments in the United States burning pyrites. They are located as fol-
lows: 
Number. 
Boston and eastern district .. .. . . . . . . • . • . . . • . . 5 
New York district . .. . .. .. .. .. .. . . . . . . . . . . . . . . 9 
Philadelphia district . ................. . . . . . . . . 2 
Baltimore district (inclnding South "Carolina 
and Georgia) ............. ............. ...... ~ 
Western district .................•.•.•.....•.. , • 4 
Total.................................... 23 
Two of the work use Canadian . ore; four, Spanish ore only; two 
pani h and dome tic, and :fifteen domestic ore only. 
Nine of the e establi hment use grate burners only; nine, grate and 
'helf burner ; two, h If burner only, and three use the Spence me-
chanical furnace. 
Th acid made. at ten of the works is u ed in the manufacture of fer-
iliz r , at thr e for oil refining, and at ten for mi cellaneou purpose . 
Terms on which ore is purchased.-The ore i u ually bought under 
nar, nt that it l1all contain not le than an agreed percentage of 
u1 llur, an that there h, 11 not be more than a certain proportion of 
·mall· ~ 7.· per c nt., through a ¼·inch me h screen. Sometime 
i i: tipulat cl that the amount of ziuc in the ore ball not exceed, say, 
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2 per ceut., but this is not usual. The cinders are either given to the 
buyer or are removed at the expense of the seller. The price is either 
fixed at so much per ton of 2,240 pounds, delivered at the buyer's works 
or at the port of shipment, or else at so many cents per unit of sulphur 
per ton of 2,240 pounds. At 12½ cents per unit, for example, this 
would be: 
For 50 per cent. ore .•...........•.•.•....... 
For 48 per cent. ore ........................ a 
For 46 per cent. ore .....••..............••.. 
For 40 per cent. ore ..•.................•••.• 






Sampling.-It . is recommended that the sampling be done at the 
buyer's works at the time of· discharging, one tub in every forty (2.5 
per cent.) being dumped separately in the.ore shed. This is afterwards 
broken to furnace -size and quartered down to say 1,200 pounds. This is 
now broken to walnut-siz(3, mixed by shoveling, and quartered down to 
say 300 pounds, which is then to be crushed to the size of peas, mixed, 
and quartered down to say 72 pounds. This 72 pounds is· then to be pul-
verized, passed through an ¼-inch mesh screen, then quartered down to 
say. 9 or 10 p ounds; and this last amount is to be pulverized, passed 
through an 18-mesh screen and bottled, one bottle being sealed in the 
presence of representatives of the buyer a,nd seller, for reference to an 
umpire chemist in case of dispute. If the difference between the assay 
of the seller's chemist and that of the buyer's chemist does not ·exceed 
one-half of one per cent., settlement may be made on th(3 mean of the 
two assays; but if the difference is greater than one-half of one percent., 
then the sealed sample is sent to an umpire chemist for final assay. 
A.ssaying.-The sulphur is determined by one of two m·ethods. The 
first, and probably the more accurate method, is to oxidize the weighed 
sample of ore by addition of say 20 c. c. of hydrochloric acid and 40 c. 
c. of nitric acid. It is heated very gently until action ceases, evaporated 
to dryness at a temperature of about 120° Fahr., when say 20 c. c. of 
hydrochloric acid is added, and it is again evaporated to dryness. It is 
then redissolved in a little hydrochloric acid, say 20 c. c., diluted with 
hot water, filtered, and the sulphuric acid in the filtrate is deter-
mined by precipitation by a solution of barium chloride. When one 
gram of ore is taken, tlle weight of the BaSO4. x 13. 734 = the percentage 
of sulphur. It is generally best to work with only one-half gram of 
pyrites, which must have been brought to an impalpable powder in an 
agate mortar. Instead of weighing the barium sulphate a standard 
solution of bar~um chloride may be used (38.125 grams BaOh 2H2O per 
liter), and the ulphmfo acid determined volumetrica1ly. Each c. c. = 
1 per cent., wh n using½ gram of sample. 
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The other plan of assaying in common use is to fuse½ gram or 1 gram 
of the pyrites (very finely pulverized) with twelve times its weight of a 
mixture of carbonate of soda and nitrate of potash in equal propor-
tions. The fusion mixture and the weighed quantity of sample are 
thoroughly mixed in a platinum crucible, the cover of the latter is put 
on, and the crucible and its contents are gradually heated over a lamp 
till the mixture fuses. A state of quiet fusion is maintained for several 
minutes, the crucible is cooled, and the contents al'e washed out with hot 
water. The solution is :filtered, the :filtrate is acidified with hydrochloric 
acid, and the sulphur determined as before. -
Sometimes the moisture in the sample is determined and a,llowed for 
in the assay and in the weight of the cargo, but unless the ore is ~ery 
wet this is unnecessary. li'or, suppose we buy 100 tons of ore contain-
ing 1 per cent. moisture and 48 per cent. sulphur in the moist state, 
100 tons X~= 48 tons sulphur to be paid for. 
100 
Now if we determine the percentage of sulphur in the dried sample, 
or calculate it from the assay of the damp ore and the percentage of 
moisture found, we would find it to be 
48x100=48 48 per cAnt. 
99 99 
We would then have-
Tons moist ore delivered .... ...................................... ····-·· ····--··-·-·· ·--··· .••... 100 
Leos 1 per cent. moisture .................................. ·························-·············· 1 
Tons dry ore ..•........•..........................................•••.....•.•••.••...••.•.... 99 
48~ 
99X 99 = 48 tons sulphur to be paid for as above. 
100 
Statistics of pyrites consumption.-The following figures, though not 
absolutely accurate (reliable returns from some works not being avail-
able), will serve to convey an idea of the extent to which pyrites has 
been and is used : 
Py1·ites burned in the United States. 
188L 1882. 1883. 
-------------------1------------
Long tons. Long tons. Long tons. Long tons. 
Boston and ~as~rn district . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 2, 500 7, 500 14, 500 
New York district........ ... ................ ................ 7,000 23,900 29,500 89,000 
lt~t!J~:l£i~~~~~~~:~s:~~~:~~~l~~~~:~~~t~~~~~~~l -········· 2,500 7,000 9,500 
W stern district . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 000 5, 500 
------------Total ................................................. . 7,000 28,900 45,000 68,500 
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Pyritea, mined, imported, and consu,med iri the Unif.ed State~ from 1881 to 1884 inclusive. 
Stock,De-
Years. Mined. Imported. Total. Consumed. cember 
31, 1884. 
Long t.ona. Long tons. Long ton11. Long tons. Long tons. 
1881 . . • . . . . • • • . . • . . . . . . • • • • . . . . . . . . . . . • • . . . . . . . . . . . . . 11, 927 11, 927 7, 000 .•.........• 
1882 . . • • . . • • . . • . . . . . . . . . . • . . • • . . . . . . . . . . . 12, 000 29, 818 41, 818 28, 900 .••••....... 
1883 . . • . . • • . . . . . • . • . . . . . . . . . . . • . . . . . . . . . . 25, 000 35, 811 60, 811 45, 000 .••....... • • 
1884 . . • • . . . . . . . . . . • . • • • . • . • . . . . . . . . . . . . . . 35, 000 44, 250 79, 250 68, 500 ...•...•.••• 
Total ... . ............. . ........... . 72,000 121,806 193,806 149,400 44,406 
The stock of ore on hand on December 3~, 1884, is thus distributed 
Long tons. 
At works . . . • . . • • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 19, 000 
At mines (domestic).................... . ..... 25,406 ,----; 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44, 406 
FOREIGN STATISTICS. 
It is interesting to compare with the foregoing figures the extent of 
the pyrites trade in Europe. 
In England there were imported and produced in 1883: 
From- Long tons. 
In France there are now consumed, according to a communication 
from Dr. Lunge : 
From- Metric tons. 
Domestir. mines . . . . . . . . . . . . . . . . . . . . . . . . . . 150, 000 
Sweden and Norway.............. . ....... 20,000 
Belgium and elsewhere................... 10,000 
I Total ................. . ............. _, ___ 180-, o-oo-
1 
In Germany 148,717 tons (of 1,000 kilos) of pyrites was produced-in 
1883, practically the whole of which was used at borne. 
In Belgium very little pyrites is now used, probably not exceeding 
10,000 tons per annum. 
It will be seen that the total quantity of pyrites used tli oughoutthe 
world for sulphuric-acid making is over 1,000,000 tons per year. 
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PROCESSES. 
There are three kinds of furnaces for roasting pyrites in common use-
grate burners for burning ore in pieces, shelf burners, and Spence's me-
chanical furnace for burning " smalls" ore. 
Grate burners.-Grate burners are built of :firebrick in two rowo back 
to back, the fronts being inca~ed in ¾-inch cast-iron plates. From 12 to 
30 burners (or even more, although this is not recommended) are com-
bined to work through one set of chambers in two rows of from 6 to 15 
each. The center wall between the two rows of burners is 14 or 18 
inches thick, and the side walls between burner and burner are 9 or 14 
inches thick, preferably 14 inches. The front wall, which is protected 
on the outside by cast-iron plates, is 9 inches thick. The side and back 
walls are sometimes made to taper upwards, but this is not necessary. 
The inside dimensions of a good size of burner are 5 feet 3 inches from 
front to back and 4 feet 6 inches wide. Such a burner will take care 
of from 700 to 800 pounds of 48 per cent. ore every twenty-four hours. 
The grate is about 18 inclles from the ground. It consists of three cast-
iron bearing bars, running from side to side of the burner at the front, 
middle, and back, and having a number of journals cast in .the upper 
edge for the grate bars to work in ; and a number of grate bars lf 
inches square, rounded at three places in their length where they rest 
in the journals on the bearing-bars. The grate bars are 3¾ inches apart 
from center to center. The front ends of the grate bars are closed in by 
a tight-fitting double door working on hinges, and below is another 
door, 10 by 15 inches, for removing cind-ers from below the grate. 
There is no brick wall across the front of the burner below the grate-
only the ¾-inch plate, on which is hung the ash pit door. Two feet three 
inches above the grate bars comes the charging door, 9 by 12 inches. 
This is usually hung on hinges, and it is made airtight. A small hole, 
1½ by 2½ inche , closed by a slide, in the center of the charging door, 
allows the inside of the burner to be seen without opening the charging 
door. At some works the distance from the grate to the charging door 
is more 'than 2 feet 3 inches and at some less, the extremes being 2 feet 
6 inche and 18 inches. The former size is too deep except for low-grade 
ores and the latter i too shallqw. Between the grate and the charging 
door are two small door , 4½ by 6 inche , one on each side, for pokering 
when clinkers get down on the grate. These door are very seldom re-
quired to be u ed. On a level with the top of the charging door the 
4½-inch arch over the burner springs from side to side. A bole 7 inches 
quare j left about the center of the arch for the exit of gas into the 
flue. The front ancl back (or centet') wall are carried up 9 inches above 
tb rop f the above arch, and then another arch 4½ inche thick i 
prnn(Y ver ach row of burner forming two flues for the pa sage of 
burn r t Glover tower or to the chamber . Such a burner will 
in th market for acid making. The cost of ach burner 
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need not exceed $230. They can be built of ordinary red brick up to a 
. foot above the grate·.· In starting up new burners, after slow drying 
for fifty or sixty hours the burners are :filled with pyrites cinder8 ( care-
fully screening out all dust beforehand) up to the level of the charging 
door, and a wood and coke fire is started on top. When the top of the 
ore and the arch, etc., are at a good red heat the wood and coke are 
removed and a charge of pyrites is thrown in. ·When pyrites cinders 
are not available for starting the burners, broken brick, slag, or any 
such material may be used instead. Each burner is charged with 350 
to 400 pounds of 48 per cent. ore or 400 to 500 pounds of 40 per cent. 
, ore every day of twelve hours in regular working. Before charging, 
the workman ·opens the grate-bar door, puts a key on the encl of every 
alternate bar, and gives it a half dozen twists, thereby causing a portion 
of the cinders to pass through between .the bars into the ashpit, from 
which they are afterwards removed. He then P,Uts a poker through 
the top layer of ore, so as to break up any clinker that may have formed, 
levels off with a rake, and throws in the fresh charge of ore. For a 
block of twenty-six burners (which is a ~onvenient number to work in 
one set) two men will be required on. each twelve-hour shift. They 
charge and attend to the burners, drop the cinders and remove them 
from the ashpit to the dump, and" cook" the niter in the niter oven at 
the end of the burners. 
Breaking lump ore for the grate burners is done by means of a Blake 
crusher or by hand. For hard compact · ores a mechanical crusher is 
best; but for softer ores, making large quantities of smalls in breaking, 
hand work is preferred. Thjs is by no means a drawback to soft ores, 
as they can very often be as cheaply broken by hand as hard ores can 
be handled by aid of a crusher. . Where no smalls burners are used, and 
generally ill" small works, breaking by hand is preferable; but with hard 
ores, in works having a capacity of 120 tons and upwards per week, a 
mechanical crusher should be used. The cost of breaking the ore, wheel-
ing to burners a distance of, say, 150 feet, and weighing on the way, 
should not exceed 50 cents per ton either by hand· or by machine. 
Shelf burners.-These solve the problem which puzzled practical men 
for many years-how io burn smalls ore without the aid of extraneous 
beat. They have been in use for about eight years, and have fully estab-
lished their claim to be considered an economical means of furnishing 
sulphurous-acid gas from pyrites. In this country, where there are large 
quantities of soft ore cheaply mined and requiring no preliminary prepa-
ration for the burners, they and the Spence furnace (to be next described) 
are likely to be put up in increasing numbers. The burner consists of 
a number of fireclay shelves-seven-placed one above the other in a 
firebrick chamber, and so arranged that the ore raked off one shelf falls 
on the one next below. Each shelf is 4 feet wide and 7 feet 6 inches 
long. Assuming the ~helve& all to contain ore, the contents of the 
lowest shelf are raked into the ashpit, then the contents of the second 
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shelf are raked off on to the bottom one and spread on it. Now the 
contents of the third shelf are raked on to the s€cond one and spread 
there, 3µ1d so on up to the top. When the charge on the top shelf has 
been raked on to the shelf below a fresh charge is dropped in through 
a hopper in the roof. An error sometimes made in building shelf burn-
ers is putting the shelves too far apart, which makes it difficult to main-
tain sufficient heat in the burner. If the lower shelves are not more 
than 6 inches apart and the upper ones are about 8 inches apart, this 
dffficulty will never arise; that is, with reguJa:r. attention on the part of 
the workmen. One man on each shift attends four shelf burners and 
removes the cinders to the dump. Each burner takes three charges of 
550 pounds of 48 per cent. ore every 24 hours. Some persons claim to 
reduce the sulphur in cinders from shelf burners to 1.5 per cent. If this 
is really done, jt is, to say the least, unusual; 2.5 per cent. may be con-
sidered very good work, and 3.5 per cent. good. The cost of building a 
shelf burner is about $550. 
Spence mechanical furnace,-;-Tbis is at work in three factories and is 
giving good results. It is a modified ~helf burner (or rather a double 
shelf burner), the shelves in each half being four in number and 3 feet 
4 inches by 14 feet 6 inches long. Instead of moving the ore in the fur-
nace by band, however, steam power is used for that purpose. Cast-
iron rakes in each of the four compartments of each half are connected 
by a stout iron rod passing through a bush with an iron frame traveling 
on a railroad track outside the furnace. Motion is transmitted to this 
movable frame and system of rakes from a 10-horse-power engine work-
ing intermittently. Attached to this main engine is a small auxiliary 
engine with a 2½-inch cylinder. This small engine works continuously, 
and give motion to a small spur wheel, which it turns round once in 
five minutes. In the side of the spur wheel near the periphery is a pin, 
and every time this pin comes round it catches the end of a rod, opens 
the team valve, and sets the main engine in motion. The feed and dis-
charge are both automatic. Each furnace burns 45,000 pounds of 48 per 
cent. ore per week. The help required is three men each shift to four 
furnace , exclu ive of team-rai ing. The coal consumed for steam is 2 
ton per furnace per week. The cost of erecting· two furnaces with en-
gine (one for two furnace ) and everything complete 1s about $6,000. 
Th , furnace do excellent work, give a very rich gas, and reduce the 
sulphur in cind r to a minimum. 
arter- Walker furnace.-Tbi furnace was tried in the spring of 18 4 
f >r bnrniug 'mall ore. It construction may be thus de cribed: Two 
Yerti ·al , erie. of four r torts each are arranged in a brick chamber 
'" r a fire grat . Tb product of com bu tion from the coal fire en-
'" 1 P b r tort but d not mix with the ga from the burning pyrite . 
Th , r t r , ar m de f firecla , and are 18 inch m diameter by 12 
f C't 1 n ' · th , r . t 011 the bdck wall at each end of the furnace. 
I• 1 om th u p •r part of each retoi· 1,her<t is a channel c uyeying the 
gas from the retorts into <lust chambers placed 9n each side of the fur-
nace, from whence the gas goes ·to the chambers. The individual re-
torts communicate with one another at alternate ends, so that the ore 
being charged into the upper retorts has to travel in a serpentine line' 
in order to reach the last retort, out of which it falls into a barrow 
waiting to receive it. The ore is automatically fed into the upper re-
torts by a screw arrangement, and is kept stirred continuously and at 
the same time is moved to the outlet into the next retort below by 
means of steel arms radiating from a hollow shaft through which a 
stream of water flows to keep it cool. The cinders come out from the 
lowest retorts in a continuous stream. The success attained in work-
ing pyrites with this furnace was not at all encouraging, and it bas 
been abandoned. It seems to be particularly adapted for roasting sul-
phuret gold and silver ores. 
Pugging srnalls ore.-This is a m·ethod of dealing with smalls which 
was at one time extensively practfoed in Europe and is still where shelf 
burners are not used. The pan of a pug-mill (with pan 8 feet 6 inches 
diameter and cast-iron edge-runners 3 feet 6 inches in diameter) is half 
filled with water. The edge-runners are then set in motion and smalls 
thrown in with a shovel. V\Then the mixture comes to the consistency 
of a soft mud it is run out by opening a slide in the side of the pan, 
and is lifted upon the top of the pyrites burners and spread in layers 
· about 3 inches thick. In about 36.hours all the water is expelled and 
the mud is baked into hard cakes. These are then broken up into pieces 
3 inches square and charged into grate burners · with ore in pieces. 
U sualJy it is considered advisable that the "pugged dust" should not 
exceed 25 per cent. of the whole charge, but in some cases as much.as 
50 per cent. bas been burnt with satisfactory results, and pugged dust 
has even been burnt in grate lrnrners by itself. 
The operation in the pug-mill occupies about an hour and a half to 
each hatch of 2½ long tons. Four men will in nine hours do all the 
work connected with pugging 12 long tons of dust, including wheeling 
the ore from the dump to th~ mill, pugging, wheeling and lifting on to 
burners, breaking np the dried cakes, and wheeling and .weighing off 
to the burners. The cost of labor for pugging is therefore about 55 
cents per ton. To this must be added the cost of coal for steam (this 
will not exceed 2 per cent. o~ the ore) and wear and tear. This last item 
is somewhat large, as the acid sulphate formed in pugging causes 
pretty rapid destruction of all iron tools, etc., that it comes in contact 
with. Sometimes a little green vitriol is added in the pugging. This 
causes the small to cake more firmly. 
Gloi1er tower.-Though not an essential, this is a very useful adjunct 
to a pyrites-acid plant. Where it is not used the burners must be com-
bined in sets of not more than 16, lead concentrating pans mounted 
thereon to boil up acid for the absorbing tower, and a long pipe inter-
po"ed between the burners and chambers in order to cool the gas. 
When using the Glover tower the gas is thoroughly cooled before enter-
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ing the chambers, and thus the beavy wear on the latter is avoided; 
the acid required for absorbing is concentrated in the cheapest possible 
way; half the steam required for the chambers is got without any ex-
pense for fuel; and the niter is recovered from the nitrous vitriol in the 
most perfect manner possible. A Glover tower moreover acts as a sort 
of regulator and tends to neutralize sudden or great changes in the 
draught, and less chamber space is required when it is used. The bot-
tom of the tower should be at least 15 feet above the level of the floor 
of the burner house, and it would be better to have it even 20 feet above. 
It should be at least 25 f'eet from the burner shaft, unless where the full 
concentrating action of the tower is required, when it may be only 15 
feet off. Where the burner pipe is lined with firebrick the tower may be 
35 feet from the shaft, or even more. The saucer should be at least 35-
pound lead, better 45-pound; and the lower portion of the si<les should . 
be 25 to 30-pound. The firebrick lining should be 2 feet 3 inches thick 
for the first 5 or 6 feet, then 6 feet of 18-inch work, then 14-inch and 
H-iucb. Too rn.uch care cannot be takeu in selecting the. firebrick for 
tlrn lining, and the superintendent should in every case give this Lis 
pen,oual a~ention. The bricks should be chosen from the hottest part 
of tht• kiln, should be very heavilJ7 fired, close and non-porous in strnd-
ure, and of a brownish color; and should have a clear metallic ring 
wlten bea.ten together. The corners of the bricks at the corners of the 
towers should be chipped off, or else a specially mol<led brick with 
rounded corners should be used. The packing should be entirely of 
~ashed flintstones or quartz (such as that from South Paris, Maine); 
coke is on no account to be used. The packing must never be dumped 
promi:cuously i~to the 1ower, but must be carefully laid by band. 
Care t:>bould be takeu to hn.Ye tbe lowest rail (or girt) on the side in 
wbicli tbe buruer pipe enters at a sufficient distance above the latter; 
it i be t made of angle iron. It is necessary to have a good joint be-
tween the burner pipe and the collar of the tower, or it will certainly 
leak in a v ry sbort time. 
Absorbing tower.-For a given amount of sulphur from pyrites a 
larger tow r space is reqnire<l. thau from brimstone. For 20 l>uriwr ' 
the ab Orber honld be 40 by 7½ by 7¼ feet, 9r cl e 8 feet diameter and 
45 fi et high ; and one for 26 burners hould be 45 by 8~ by 8½ feet. 
Treatment of cinders.-Thu far no cxtensi,.,.e use has been made Of 
non-cupriferou pydtes cinders. Quite recently, however, a French cor-
poration, the T rre oire Company, has succeeded iu using them in th 
manufac ure of teel. 'Ihe cinder (the sulphur in which i, reduced to 
l.o I> r cent. in helf burner ) are mixed with 15 per cent. of hydraulic 
lime, with which they are thoroughly incorporated in uitable mill .. . 
Th mixture i converted into brick. by machinery, and the e, aft r 
tlryiug ar charg din to bla tfurnace of moderate height. The pig iron 
pr c d do u t give a good wrought iron, owing to the ar enic pr -
nt ri ing it fit w l<ling l)ropertie ; bnt good te 1 (for purpo 
h r it i · not r quir d to be welded) is made from it. With American 
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ores, which are usually non-arseniferous or practica.l)y so, it is possible 
that the result obtained might be more satisfactory. The sulphur is 
said to be counteracted by the lime, and there is no phosphorus. 
Smelting cupriferous cinders.-If the cinders contain over 5 per cent. 
of copper, or if they contain a considerable quantity of silica, it is best 
to smelt them. This is best done in the water-jacket cupolas, which are 
now so largely used in the West. If the cinder does not contain sufficient 
silica to produce a fusible slag, sand or other siliceous material must be 
added. If a very siliceous copp.er ore can be had at a reasonable price, 
it is the best flux to use. The cost of smelting in water-jacket cupola 
furn aces per short ton is as follows: 
Labor ________ __ __ .......... __ : ••... - · . . .....•••............ ____ ....... ······-·· .•......••....•... $0. 50 
Coke ............•••..... .....•. .......•...•..........•...•.........•................ ·,· ..... :..... 1. 00 
Coal for steam ............... _................................................................... .10 
Repairs .... . .. , ...... _ .•.......•..••.....•.................•..... _.. . • . . • • • • . . . . . . . . . . . . • . . . . . . . . 25 
1. 85 
Of course the weight of flux must be taken into account in calculating 
the cost of smelting the cinder. The 40 per cent . . matte produced may 
be broken with cobbing hammers or otherwise, and roasted in heaps or 
stalls four or five times, and then smelted for coarse copper. Generally 
it will be preferred to sell the ma.tte to copper smelters, who will charge 
about 3½ cents per pound of copper for smelting and re.fining. For re-
fining coarse copper the ch~rge is about 1-! cents per pound. One and 
three-tenth~ per cent. is deducted from the actual copper assay as allow-
ance for loss in smelting. The cost of a complete smelting plant, capable 
of taking care of the cinders from 200 tons of pyrites per week, and 
produciug a 4:0per cent. matte therefrom, would be about $7,000. About 
20,000 tons of pyrites cinder were smelted in 1883, and a like quantity 
in 1884. 
Henderson wet process .-This process is peculiarly adapted for cinder 
containing from 2 to 5 per cent. copper, 1 ounce and upward of silver 
pel' ton, and only 2 to 7 per cent. silica. It is the process universally 
used in Eng laud for the treatment of Spanish cinders; upwards- of 
430,000 long tous are there treated annually. It consists in chloridiz-
ing the copper and silver by roasting with common salt; dissolving the 
chlorides out with bot water; precipitating the silver as iodide by means 
of a soluble iodide, and t,hen the copper with meta.Ilic iron. There are 
five different stages in the process, namely: 
1. Crushing the ore and mixing with salt. 
2. Calcining or roasting. 
3. Leaching. 
4. Precipitating the silver from the argentiferous copper liquors. 
5. Precipitating copper from the desil verized liquors. 
Oriishing.-The cinder is mixed with common salt in the proportion 
of 1:3 to 20 parts salt per 100 parts cinder, and is passed through a pair 
of Comish rolls of say 36 inches in diameter and 18 inches face. The 
rolls are pressed together by means of powerful steel springs, and are 
so geared together that if any bard material accidentally gets between 
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them they separate and allow the hard substance to pass without their 
getting out of gear. The crushed ore is passed through a revolving 
plate screen with slots one-tenth of an inch wide; the fine stuff passing 
through goes on to the calcining furnace, and the coarse is returned to 
the rolls. Such a mill will crush 6 to 7 tons per hour. 
Calcining or roast-ing.-This is usuaUy done in muffle furnaces having 
beds 30 to 35 feet long. The fire gases pass first over the muffle, then 
back under the bed, and return under the bed to the flue leading to the 
chimney. In another form of calcining furnace, introduced by the well 
known English metallurgist, Mr. Thomas Gibbs, the furnace bed is 70 
feet long and is heated only from below. The inside of the muffle is 
connected with a condensing tower built of firebrick and packed with 
bricks and Mke. Down this tower a stream of .water is kept running 
for the purpose of condensing the acid gases evolved from the furnace 
mixture. The acid soluti9n running off at the bottom of the tower is 
used for dissolving the oxide of copper out of the roasted ore, as we 
shall presently see. The charge of ore in a furnace with a 30 to 35-foot 
bed is about 6 tons. It is charged through holes in the roof and is 
in the furnace from 8 to J 5 hours, according to circumstances. It . is 
kept stirred from time to time, for which purpose there are doors along 
each side of the furnace about 5 feet apart. The inside width of the 
furnace is about 12 feet. When, judging from empirical signs (the ces-
sation of sulphur flames and the greenish-gray color of the ore) the 
calcination seems to be completed, a little of the ore is taken from every 
part of the bed, mixed, and tested by washing with hot water, then 
with dilute hydrochloric acid, and lastly with nitro-hydrochloric acid. 
To this last solution an excess of ammonia is added and the ferric oxide 
is allowed to settle; the clear solution should have only a faint blue 
color. The object in working the calcining furnace is to oxidize all 
the sulphur and cbloridize all the copper (or rather·to r~nder all the 
copper soluble with the least possible expenditure of acid in leaching) 
and silver. In cinder from t,he pyrites burner the copper exists some-
what a follow : 
Per cent. 
Soluble in water-copper as sulphate ...... . ..•............... _.. . ............................. 40 
olnble in dilute acid-copper as oxide .. .. _ ........ _ ... _ . . .••• _ . . _. __ ............... _.......... 10 
- 50 
olnble in nitro-hydrochloric acid-copper as sulphide ...... . .•.•...... _........................... 50 
In the calcined ore the copper exists as follows : 
Percent. 
Solu bu- in water-copper as protocbloride .•..... __ ..........•.•.... _. _ .•..• _ . • • • • • . • • . . . . . 70 
copper as subchloride.... .. ..•... .•.• .... .•.. ... .. ..••.. ...•••. .. .... .. 7 
- 77 
Soluble in dilute a.<:id-copper as oxide ..•...•.. __ . . ....••..••... _ .....••••.•..•. _............. 20 
100 
Solubl In nitro-hydrochlorfo acid-copper as sulphide............................................. a 
100 
The h at of the furnace mu t not be allowed to exceed a dull red, for 
if it cl a I rger proportion of the protochloride will be decomposed 
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and the subchloride formed therefrom, and as the su bchloride is only , 
soluble in a strong solution of the protochloride or of .hydrochloric acid 
tbe inevitable result is faulty leaching and a good deal of bother from 
the crystallizing of the s1;1bchloride out of the liquors in the shoots, etc. 
Leaching.-The red-hot ore from the calcining furnace is allowed to lie 
some time to cool, and is then taken while still quite hot to the leaching 
tanks. These are built of wood, and are about 10 feet square and 5~ feet 
-deep. Each tank holds 20 tons of calcined ore, which rests on a false 
·,bottom on which a rough sort of filter is formed of screened furnace 
:ashes. The ore is first washed with weak liquors from a _previous 
,operation, then with the acid solution from the condensing tower, and 
itinally with hot water. Only the first (strong) liquors are run to the 
1Ulauclet tanks; the weak liquors are used as first washings for another 
tank of ore. The residual ore is now thrown out of the leaching tanks 
:and after draining is ready for shipping as purple iron ore. 
Precipitating the silver.-The method employed for recovering the 
silver from the argentiferous copper liquors is the invention of Mr. F. 
Claudet. The silver contents of the liquor are first determined in the 
laboratory by precipitation with iodide of potassium and addition of 
chloride of lead, melting the precipitate with fusion mixture in a cru-
dble, and cupelling the resulting button of lead. The liquors usually 
contain from 3 to 6 grains of silver per gallon, and from 0.2 to 0. 7 
})Ound of copper. The silver contents of the liquor having been ascer-
tained, it is run, together with an excess of an iodide of zinc solution 
of known strength, into the "Claudet tanks," which are wooden vats, 
11snally circular, of about 3;500 gallons capacity. The streng·th Qf the 
iodide of zinc solution varies considerably; it may be taken at say 500 
'grains silver per gallon-that is to say, of such strength that 1 gallon 
precipitates 500 grains silver. Its strength must be accurately deter-
mined when it is made up. An excess of about one-tenth of the iodide 
is added in order to insure precipitation of all the silver in the liquors. 
The reaction occurring on addition of iodide of zinc is 
2 AgCI + Znl2 = 2 Agl + ZnCI2• 
The liquor is allow~d to settle for 48 hours, and is then ran off into 
the copper-precipitating tank. The precipitated iodide of silver is 
allowed to accumulate in the Claudet tank for about a month, at the 
•end of which time it is swept out into another vat, and after washing 
with dilute acid and water is digested with scrap zinc, when the follow-
ing reaction occurs: 
2 Agl+Zn=ZnI2 +2 Ag. 
The iodide of zinc is dissolved out and used over again for precipi-
tating silver from fresh liquors. The silver residue, consisting of 
metallic silver mixed with a little gold and considerable sulphate of 
lead, etc., is sold to silver refiners, who pay about $1.05 per troy ounce 
for the silver it contains and usually a little for the gold likewise. 
Precipitation of copper.-The desilverized copper liquors are precip-
2 M R ... -57 
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itated with scrap iron in wooden vats. The liquor is kept at a temper-
ature of from moo to 170° Fahr. by injection of steam. The copper in 
the first liquor run on to the fresh iron is precipitated in three or i:>ur 
hours, each subsequent liquor taking longer to precipitate. When 
the iron -is so enveloped in copper precipitate that about twenty-four 
hours are required to throw down the copper from a fresh liquor the 
tank is cleaned out and a freRh start is made. The test for the comple-
tion of precipitation of the copper :fa-om the liquors is made by dip-
ping a bright knife blade in the liquor; if all the copper bas been pre-
cipitated the blade remains bright, if not it becomes stained. When 
dried the precipitate contains 75 per cent. copper in the metallic state. 
Refiners charge about 2 cents per pound of copper for refining the 
precipitate, and deduct tbe usual 1.3 per cent. from the wet assay. Th~ 
iron required for precipitating is about 110 per-cent. of the copper. 
There are two wet-process plants in operation in the United States: 
one in Elizabeth, New ~ersey, belonging to the New Jersey Extraction 
Works, limited, and one fo Natrona, Pennsylvania, belonging to the 
Pennsylvania Salt Manufacturing Company. About 8,000 short tons 
of cinder were treated in 1883, and 10,000 tons in 1884. 
Comparison of wet process with srnelting.-The cost of the whole wet 
process is about $7 per short ton of cinder containing 4 per cent. copper. 
The cost of smelting a similar grade of cinder (assuming it to be siliceous 
enough to flux itself), and pro<lucing a 75 per cent. matte, will not ex-
ceed $2.25 per ton; but the amount of copper recovered by smelting 
will onl~- be about 3.1 per cent. against 3. 75 by tbe wet process, and 
the silver (amounting to say $1 or even more per ton of ore), which in 
the wet process is recovered, has little or no commercial value in the 
matte. The value of the purple iron ore must also be taken into ac-
count in comparing· the two processes; in the present depressed state 
of the iron trade tbis is not very great. On the other hand, the cost of 
a wet-extraction plant is fully four faues as great as a smelting plant, 
and requires four time a much ground space. But after all a compar-
ison of the two proces -es i of little value, since a siliceous cinder can-
not be advantageously treated by the wet process unless it contain say 
3 ounce silver per ton, nor a J1ighly basic cinder by the dry pro-
cess unless a cheap flux is at hand. 
Purpl.e iron ore.-This is the residual ore from the wet process after 
extraction of tbc copper and silver. Its composition is about as follow ·: 










It is used a.s a "·fix" for puddling furnaces and in admixture with 
other ore in pieces for making pig iron. It has been used in the direct 
process for making wrought iron and steel. For use in blast furnaces 
without admixture of other ores it bas been made into a mortar with 
clay, then allowed to set, and afterwards broken up with picks and 
taken direct to the blast furnaces. The method of mixing it with hy-
draulic lime (in the manner spoken of under the head of treating non-
cupriferous ores) seems worthy of attention. In England, where so 
much of this purple iron ore is produced, there is a sufficient demand for 
it at remuneratiYe prices for mixing with other ores in blast furnaces 
for production of Bessemer pig and for "fix." Accessibility to iron-
making centers is an important consideration in locating wet-extraction 
works. · 
·comparison of American and foreign pyrites.-Thus far .no deposits 
have been found in America comparable in extent with those in Spain 
and Portugal, the mines of which practiealiy control the whole pyrites 
trade of the Old World ; but this is to some extent compensated by an 
even distribution of deposits of. moderate extent in different parts of 
the country. So far as burning qualities and adaptability to sulphuric-
acid making is concerned, American ores compare favorably with 
Spanish. It is true that in some domestic mines a good deal of smalls 
is produced, owing to the friable nature of the ore, but since the ad vent 
of shelf burners and the Spence mechanical furnace these can be burned 
quite as economically as lump ore, and in som0 cases eve~ more so. 
The average sulphur contents of domestic ores is equal to that of Span-
ish, and they are all practically free from arsenic or nearly so, while 
Spanish ores -contain from 0.25 to 1 per cent. and Canadian ores contain 
notable quantities. On the other hand, it cannot be said that any 
American ores possess all the elements for a great commercial succC'ss 
such as attends the treatment of Spanish ores. The requirements for 
this are: 
1. Nearness of the mines to manufacturing centers arid cheapness 
of transportation thereto. Domestic mines compare favorably in this 
respect. 
2. High sulphur contents-48 per cent. with highly basic ore (say 
3 to 4 per cent. silica), or 40 per cent. with a siliceous ore (20 per 
cent. silica). American ores are quite up to this requirement. 
3. Copper and silver in suitable quantity. With a highly basic_ ore, 
copper should be 3 to 4 per cent. and silver 1 ounce or more per ton. 
With siliceous ore the copper contents should range from 3 to 5 per cent. 
At the present ti.me the silver in a siliceous pyrites ore cannot be 
said to have a steady commercial value, but doubtless will have 
shortly when the extraction of silver from copper mattes shall have 
become an er:stablished success, as it bids fair soon to be. 
4. The silica contents should be either 3 to 5 per cent., or else about 
20 per cent. 
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5. The ore should be comparatively free from zinc, lead, lime, etc., 
and should contain only traces of arsenic. 
Competition of foreign and domestic ores.-At the outset it may be said 
that the importation of Canadian ores is likely to continue unless very 
improbable changes are made in our tariff laws; for while there is no 
doubt that the cost of mining and delivering in the New York district 
is fully as much as the sulphur valtrn of the ores, yet they contain 
enough copper to make the treatment of the cinder quite remunerative, 
and it is on this that the miners depend for their profits. In regard to 
Spanish ore, the present position of affairs is rather more obscured, for 
while one of the Spanish companies is delivering ore to three works, 
under contract, it has shown a total disinclination to accept any further 
business, and evidently has no present desire to cultivate the American 
trade. Another of the large Spanish companies has recently declared 
its inability to furnish any lump ore for this market, and quotes Rmalls 
at such a price as give it no chance of competing with domestic ores. 
The third great Spanish company is not, I think, in position and does 
not desire to ship any large quantity of ore to this country, for the 
present at least. None qf the companies seem to show any inclination 
to sell ores just now for less than 12 shillings (say $3) per ton of 2,240 
pounds free on board at Huelva or Pomaron. Adding to this $2.75 
freight and 75 cents duty, we have as the price delivered on steamer in 
Boston or New York $6.50 exclusive of insurance and interest. It is 
not unlikely that a large quantity of smalls, the copper of which has 
been extracted by Doetsch's process, will seek a market here within a 
year or two, when the heaps now being worked. at the mines have be-
come exhausted of copper. The probable effect of the introduction of 
su1 phur recovery and ammonia-soda processes in Europe will be dis-
cu sed further on. 
nomparison of pyrites and brimstone.-There can be no doubt that acid 
can be made from pyrites much cheaper than from brimstone. The 
point that ·require to be kept in view in making a compari on of the 
two processes are: The cost of burners for pyrites is twice as much as 
for brimstone. Where a Glover tower is added to the plant no more 
chamber pace i required for burnjng pyritP.s than for brim tone;_ 20 
·u bic feet per pound of sulphur burnt off is ample. Many works u ing 
pyrites bave too many hands. In a works having 24 to 30 grate burners 
only eight men are r ally nee<led in all, two on clay shift breaking ore 
, nd wheeliug to burner , two burner men on each hift who al o pot 
nit r and wh el away cinder, one man on each hift attending team 
boil r, pumping acjd, and attending cliarn ber . This i equal to say 35 
· nt p r ton f 50° acid. Th co t of labor with brimston where niter 
r cov ry i practic d i ' about 1.25 per bort ton, or 27 cents p r ton 
f ~ 0 a ·id. In w 1l conducted work , with lover and Gay-Lu ac 
t w r , tb r i' no cliff rcnc in nit r cownmption witb pyrite or brim-
n . to yi Id of acid, with pyrit 2 O to 200 part ulphuric 
aciu (66° Banme) are obtained per 100 of ulphur contained in the ore. 
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The coal consumption is generally less with pyrites tha~ with brim-
stone. The wear and tear is between 20 and 30 per cent. greater with 
pyrites than with brimstone. 
PRESENT STATE ffli' THE PYRITES INDUSTRY. 
From the miner's standpoint the present condition of the industry is 
highly satisfactory, though selling prices of ore are very low. The mines 
are now in better shape than they have eve~ been, and the business of 
mining and shipping has been thoroughly systematized and costs reduced 
to a minimum. They are now in position to meet any demand for ore 
likely to occur, and are anxiously waiting for a still more extended use of 
pyrites. From a manufacturing point of view the only unsatisfactory 
thing is the low price of acid; and while this has doubtless been caused, 
in great part at least, by tlle cheapening of production consequent on the 
adoption of pyrites, it is pleasing to know that the reduction in price h~s 
been no more than commensurate with the cheapening of cost. Another 
point here worthy of notice is the reduction in the price of brimstone 
which has _taken place since the introduction of pyrites. In the early 
part of 1882 best unmixed seconds was -worth about $31 per ton, at the 
close of 1884 it is selling at about $23. As regards the probability of' 
pyrites ever entirely taking the place of brimstone it should be noted 
that the prejudice at one time existing against pyrites acid is gradually 
giving way. Pyrites acid is equally as good for most purposes as brim-
stone acid; the only drawbracks to it are the occasional presence of iron 
aud arsenic in it. With domestic ores the amount of arsenic is usually 
intinitesimaJ, and will generally only debar the use of the acid for sub-
stances used in the preparation of pure chemicals, etc. When using 
arsenical pyrites the arsenic is almost all deposited in the Glover tower 
and first chamber, the last chamber acid containing very little, as the 
following tests of acid made from Spanish ore will show: · 
As203 in acid from 1st chamber ..•• _ .. _ •.... __ .... _ ...... _ ....• __ .• _ .. .•..... 
As20a in acid from 2d chamber .....•.••...•••..........•.. ·---·· ......•...... 











But even supposing that all our pyrites were slightly arsenical, that 
would not prevent its almost universal adoption, The principal uses of 
sulphuric acid in this country are for oil-refining and fertilizer-making, 
and for these two uses sulphuric acid containing· a little arsenic is 
equally as good as the purest brimstone acid. The following brief ab-
stract will show for what purposes the acid made throughout the country 
is used: 
Per cent. 
For oil-refining ................... _ •• _____ ..•.. ________ ••••••.••. __ ·--- . . __ •••••. ·----· , 45 
• For fertilizer-making ......•. ______ •••••..••.... . .••••..••.••..••.. ____ •. ___ .•••••.•••. 45 
. 90 
:,J'or other uses ......................... ,..~ •••••..••••••• ,,,.......... . •••••..•.. ••• • • . ................ 10 
l(}() 
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It is interesting to compare with the above the following statement 
showing the purposes for which sulphuric acid made in England is used: 
In making sulphate of soda for the L1:, Blanc soda process ......••.••••..••••••..•••••. 
ln making sulphate of soda for glass manufacture, etc .•..•••.••••.. ···.-·-··········· 







For all other purposes . . . . . • . . . . . . . . . . . . • • . . . . . • . . . • • • • • . • • . . • • . . • . . . . • • • • • . • • . . • . . • • • . . . • • • • • • 22 
100 
In regard to acid plants there are in this country as fine works as 
can be found anywhere; those of the Bergenport Chemical Company 
at Bergenport, New Jersey, and of the Bradley .Fertilizer-Company at 
North Weymouth, Massachusetts, with their splendid arrangements of 
smalls burners, Glover and Gay-Lussac towers, wiJl compare favorably 
with the best European works. · 
Recovery of sulphur from "tank waste" in Europe.-This is a thing 
which may exercise an important influence on our pyrites market. Tank 
waste consists essentially of sulphide of calcium. It is produced in the 
"ball furnace" in alkali works by fluxing a mixture of sulphate of ~oda, 
limestone, and coal. The chan.ge which takes place may be thus rep-
resented: 
NaiS04+CaC03+C=Na2C03+CaS+C02• 
The carbonate of soda is dissolved out with hot water and the sulphide 
of calcium (tank waste) remains. This has mostly been dumped on va-
cant land reserved for the purpose or else sent out to sea and dumped 
there. A small quantity has been treated for sulphur for several years 
past, 2,000 or 3,000 tons (or even more) of which have been recovered an-
nually. A little of this recovered sulphur has found its way into the 
New York market, but as it contains arsenic it has not been favorably 
received. 
Let us consider the probable effect of the universal adoption of this 
process in England alone. There are used annually in that country in 
the soda manufacture about 350,0~0 tons of pyrites, containing 168,000 
tons of sulphur. The tank waste produced contains 90 per cent. of this, 
or 151,200 tons. Assuming it possible to recover 85 per cent. of this, the 
quantity of sulphur recovered annually would be 128,500 tons, equal to 
about 285,000 tons of pyrites. The probable effect of a diminution in 
the co umption of pyrites in England to the extent of 285,000 tons a 
year n ed not be commented on here. 
Th important question now come in: At what cost could a ton of 
ulphur be produced by this proces i Mr. Walter Weldon in January, 
18 3, id that it could ultimately be recovered for about $10 (£2) per 
ton. To compete with thi , pyrites would have to come down to $4 per 
t n r ven le , or ay 8 to ~ cent per unit. The effect already 
pr d y tbe ag1tati n of the ulphur-r covery proce ( upplement- • 
d y th tbr t ning attitude of the ammonia- oda proce toward the 
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old Le Blanc process) bas been the reduction of the price of pyrites in 
England to 9 cents (4½ d.) per unit, or $4.36 per ton of 2,240 pounds. 
Since this reduction took place the sulphur-recovery agitation has sub-
sided, but will undoubtedly recommence at the first sign of any in-
crease in the price of pyrites. . 
The ammon-ia-soda process.-The ext~nding use of this process in 
Europe and.in the United States is a matter of great interest not only 
to European soda makers but also to American chemical and fertilizer 
manufacturers, oil refiners, etc. In the old Le Blanc soda process-by 
which up till about ten years ag-o all the soda in the world (with tri-
fling exception) was made-common salt is first converted into sulphate 
of soda by the action of sulphuric acid, and the sulphate of soda is then 
converted into carbonate in the manner described in speaking of the 
recovery of sulphur from tank waste. For the production of the 545,000 
tons of Le Blanc soda (stated as Na2CO3 ) annually made throughout 
the world about 874,0U0 tons of sulphate of soda are required;. and the 
sulphuric acid used in making that amount of sulphate necessitates 
the burning of 496,000 tons of pyrites. 
In the new ammonia-soda ,process no sulphuric acid is required, soda 
being produced by the action of ammonia (constantly regenerated) and 
carbonic acid gas on a strong solution of common salt. Soda can be 
made by this new process for 25 per cent. less than by the old, and at 
the present time one-fourth of all the soda being annually made.j.s pro-
duced by tµe new process. ' 
The only thing which has prevent~d (and still prevents) the univer-
sal adoption of the new process is the fact· that in it the chlorine of the 
common salt is all lost (as useless chloride of calcium), whereas by the 
old process it is liberated as hydrochloric acid g-as in the decomposi-
tion of common salt; and after condensation this hydrochloric acid is 
used for generating free chlorine for the manufacture of bleaching 
powder. By combining to raise the price of this commodity Le Blanc 
soda makers have been able to compensate themselves for the loss sus-
tained in selling soda below the cost of production. 
Many ~ngenious inventors 'are now at work trying to solve the prob-
lem how to obtain free chlorine (for bleaching powder) economically by 
tbe new process. If these efforts prove successful the days of the old 
Le ·mane process are numbered, and the 496,000 tons of pyrites now 
used annually in the decomposition of common salt will have to be 
diverted into other channels. 
But whether the efforts to obtain free chlorine-in other words, bleach-
ing powder-by the new process prove immediately successful or not, 
its further advance cannot be delayed for this reason: 1 ton of bleach-
ing powder is made from the hydrochloric acid liberated in the decom-
position of 2½ tons of common salt. Now in England there are, made 
annually 140,000 tons of bleaching powder; 140,000 x 2.5 = 400,000 tons 
salt required annually for the production of bleaching powder. Deduct-
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ing 400,000 from· 560,000 (the number of tons of common salt used an-
nually in making Le Blanc soda) leaves 160,000 tons common salt, equal 
to 110,000 tons soda (stated as Na2Co3). This represents the prob-
able immediate increase in the annual amount of ammonia soda made; 
and the output of Le Blanc soda will probably immediately decrease 
to a like extent. Th~s decrease in the output of Le Blanc soda will 
bring about a reduction in the quantity of pyrites consumed in England 
to the extent of about 100,000 tons, and the reduction on the continent, 
will probably be an additional 30,000 tons of pyrites. 
To sum up these different phases of the European soda and pyrites 
trades: 
1. The possibility of the eeo~omical recovery of sulphur from tank 
waste will in all probability prevent the price of pyrites in Europe rising 
abov-e 9 cents per unit of sulphur, even if we leave out of account for 
the moment the effect of an inevitable decrease in the amount of pyrites 
required by Le Blanc soda manufacturers. 
2. There will be a decrease during the next two or three years in the 
quantity of Le Blanc soda made in Europe annually of 140,000 tons 
and of pyrites burne<l of 130,000 tons. 
3. If the attempts to obtain free chlorine in the ammonia-soda pro-
cess prove immediately successful, the old Le Blanc soda process will 
probably be extinct in a few years, and the 496,000 tons per year of 
pyrites now used for it will have to be utilized in some other way. The 
extinction of the Le Blanc process would also be brought about by the 
discovery of a cheaper bleaching agent than chlorine. 
Effect of reduced consumption of pyrites in Europe on the American 
market.-Let us now briefly consider the probable effect of a reduced 
consumption of pyrites in Europe on our domestic market. In the first 
place it will probably result in the Spanish companies endeavoring to 
compensate for the loss of European business by shipping at first large 
quantities of non-cupriferous ore to this country. When the volume of 
business here becomes large enough they will probably make extensive 
arrangement for treating the cinders and begin to ship cupriferous ore 
here, unles jndeed tb y can make more profit by treating the ore for 
copper at the mine in Spain. This last supposition seems extremely 
improbable. The cost of treating a 3 per cent. ore for copper at the 
mine i probably in no ca e les · than $2 per ton. If the same ore were 
hipped to this country the debits and credits would stand about as 
follow : 
DEBITS. 
ll'r ight to Huclva. ..... .. ... . . . ......... . 
Duty 75 c nt per ton, pln 10 per cent. of 
l!~ r ntsy •r pound on l p r cent. copper. 
c an fr 1gbt, etc ... ...... . ... .. . ... .. .. . 
1'rc•atmn1t ot ind r . . . . • . . . . ..... . 
13 Jan · (iu fa vor of 11hipping to this coun-
t ·) .... .. .. .. . . .. .... . ................ . 
I CREDITS. 
$0. 50 Sulphur (say) .•...•••.••••.•••.•••••••••• 
Purple oro ($3 per ton) ..•................ 













The cement copper is supposed to be shipped to England in either 
case. 
It may be that these apprehensions of extensive·foreign competition 
with domestic ores are unwarranted, but at all events sufficient has 
been said to justify the belief that the price of pyrites in this country 
as well as in Europe can never be much if any higher than at present. 
Some persons even believe that in the near future pyrites mines will 
supply the ore to acid makers for nothing, the only condition being that 
the cinders shall be sent to extraction works belonging to the sellers of 
the ore; but there is not much ground for such a belief, as it will always 
pay better to treat the ores for copper at the mine (where labor is usu-
ally much cheaper than in manufacturing centers) rather than in the 
neighborhood of acid works, unless a fair price can be had for tbe sul-
phur contents. 
MICA. 
BY F. W. CLARKE.(a) 
Aliho;ngh the term "mica" covers a number of mineral species all 
similar in their scaly structure and general chemical composition, only 
one of these species has any commercial value or is popularly recog-
nized under the generic name. This species, muscovite, is one of the 
commonest minerals, and occurs in greater or less quantity in a variety 
of rocks. Usually, however, it is disseminated in minute scales of no 
practical value; its occurrence in sheets or plates large enough for eco-
nomic working being quite limited. Even when it is found of sufficient 
size and in sufficient abundance, it is apt to be defective in structure or 
so stained and spotted with impurities as to be worthless. In order to 
be advantageously marketed mica should yield trimmed plates not 
less than 3 inches square; and these should be tough, clear, even in 
texture; and capable of being smoothly split into exceedingly thin lay-
ers. Even in localities which yield mica abundantly only a small por-
tion of the mineral taken out is available for the ordinary uses. ..Ac-
cordingly we find around every mica mine an accumulation of waste 
scraps and clippings far exceeding in quantity the mineral which bas 
been trimmed and marketed. _The latter is chiefly used in the manu-
facture of stoves, lampshades, and lanterns; although some of the finest 
mica is employed for the dial plates of compasses. Various plans have 
been proposed for the utilization of the refuse. Finely ground, it is 
recommended as an absorbent for nitroglycerine in the preparation of 
high explosive ; it i also used as a lubricant for machinery, as an in-
gredient of some glistening wall-papers, in the manufacture of "bro-
cade" pigment , and a a sub titute for asbestus in the production of 
:fireproof roofing . None of the e latter uses, however, can yet be re-
garded as having much economic importance. 
Atlantic States.-Along the eastern slopes of the Appalachian system, 
in an almo t continuou belt from Maine to Alabama, are scattered many 
workable depo it of mica. The~e occur in coarse granite veins, cutting 
through wall of mica- chi t, and having in general a northeast and 
outhwe t; direction. In other words, these v ins are parallel to the 
main treml of the mounta!n y tern, and wbere·rnr they are found they 
po a noteworthy uniformity of character. A a rul . the mica oc-
in unche r pock t , a ociated with large ma, e ~f quartz and 
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huge crystallizations of feldspar. Besides these commoner species, 
which pertain properly to granite, these veins are remarkable for theh-
rarer mineral contents. Tourmaline and garnet almost ~variably occur 
in them, beryl is nearly as certain to be found, various phosphates are 
frequently encountered, and such rare minerals as columbite, samar-
skite, autunite, etc., are often met with. In short, the rarer chemical 
elements, such as glucinum, columbium, tantalum, the cerium and yttrium 
groups, and uranium, are found most abundantly in these coarse veins 
of granite. Mineralogfoally, therefore, every mica mine is well worth 
studying and watching; Sometimes a mine which fails · with regard to 
mica, yields enough merchantable quartz or feldspar to pay well for 
working. 
Beginning with the New England States, we .find mica mining carried 
ou in numerous localities. In Maine, unsuccessful attempts have been 
made at Gilead and Albany, and promising deposits.of mica are said to 
exist in the adjacent towns of Woodstock .and Rumfor<l. In Paris, at 
Mount Mica, from the same deposit which has yielded the . famous gem 
tourmalines, a good deal of excellent mica bas been taken out and sold. 
South ward, along the seacoast, the granite veins attain an enormous 
development; . but here they are chiefly valuable for their feldspar. 
Some mica, however, has been produced along with quartz and feldspar 1 
at Edgecombe. . 
In New Hampshire, along a belt of country southwestward of the 
White mountains; mica mining is quite an old and well established in-
dustry. The '' mica ·belt" first becomes conspicuous in the town of 
Rumney; and actual workings have been carried on in Orange, Groton, 
Grafton, Springfield, .Alexandria, New Hampton, Wilmot, Ma!,'lborough, 
Acworth, and Alstead. Throughout this region the granite veins are 
most conspicuous objects, and often they may be seen from miles away 
cropping out along the barren hillsides. The ·most important mines 
are in Groton, Grafton, and Alstead, an~ large quantities of mica are 
annua,Ily taken out and sent to market. In .Alstead, work has been 
carried on interruptedly for more than forty years, and the locality 
has yielded sheets of mica nearly 4 feet across. In Grafton, no 
less than six mines have been recently worked, and one of them, the old 
Ruggles mine on Isinglass hill, has been a recognized source of mica 
ever since the close of the last century. Throughout this time it has 
been in the hands of one family, and it is still worked on a large scale 
with steam drills and other modern appliances. In 1883 a single mass 
of mi'ca weig·hing 512 pounds was taken out. Near by, on Alger hill, 
i8 another locality, which is remarkable for having yielded the largest 
crystals of beryl known in the world; one of them weighed over two 
tons. Still another recent mine is on Hoyt hill in Orange, and impor-
tant work is progressing in Groton, about 5 miles south of the raii-
roacl station in Rumney. All these mines are either trenches or tunnels, 
no deep s4afts having been sunk in this region.· 
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Passing southward from New Hampshire, we find similar granite 
veins in MassachusP-tts and Connecticut; but in the lat,ter State, nota-
bly in the towns of Glastonbury, Portland, Middletown, and Haddam, 
they are worked chiefly for the feldspar which t.hey contain. In New 
Jersey a few attempts at mica mining have been made, and promising 
discoveries of ·mica have been reported in Pennsylvania, at South 
mountain and in Salisbury township. 
As we leave the glaciated country of the north, the mica-bearing belt 
becomes less easy to recognize and to follow. Nevertheless, there has 
neen quite receutly a good deal of activity among mica miners in Mary-
land, especially in Howard and Montgomery counties. In this region 
a number of vertical shafts have been sunk into rnica-bearing veins, 
passing through kaolinized rock of varying thickness before reaching 
the solid material. One group of mines is situated a few miles west of 
Laurel; and another mine, the Gilmore, is near Colesville, and · only 
12 miles north of vYashington, District of Columbia. At the Gil-
more mine there is a vertical shaft about 50 feet deep, aud two hori-
zontal tunnels; and a considerable quantity of good mica has been 
taken out. At present, however, but little work is being done in this 
field. 
Southward from Maryland the mica belt extends across Virginia, and 
is recognizable at many points. _Mica mining has been carried on in 
Amherst, Bedford, Hanover, and Amelia counties, although there is at 
present a slackening of activity in this region. .A.t Amelia Court House 
the mica was associated with an extraordinary variety of rare minerals, 
, notably with beryl, columbite, helvite, microlite, and monazite; but t_his 
locality is now abandoned, and the mine is full of water. A tier of coun-
ties along the southern boundary of the State, especially Grayson, Henry, 
Patrick, Carroll, etc., offers a promising field for exploration in search 
of mica. · 
In South Carolina, Georgia, and eastern Alabama, workable deposits 
of mica undoubtedly exist, although no substantial investigation of them 
has yet been made. In North Carolina, on the other hand, the mica 
indu try is important and :flourishing, and the Appalachian mica belt 
here attains its greate t development. Mica mines occur in A he, 
Mitchell, Yancey, McDowell, Cleveland, Alexander, Wilkes, Burke, 
Catawba, Buncombe,Haywood,Jack on,Macon,and other counties, and 
exploration for mica, more or le ·s superficial, may be counted by hun-
dred ~. The greate t production of mica is in Yancey, Mitchell, and 
Macon conn.tie , and the more important centers of tbe indu try are 
Bak r ville, Burn ·ville, and Franklin. Mica mining is carried on to 
om xt nt n ar Marion; and in the neighborhood of J effor on, fa A he 
ount ·, thE!r are many pro mi ing but unde\'eloped localitie . The Ray 
mi , n ar Burn, vill , i n of the mo t noteworthy of th mica mine , 
ut h Iotla aud Burningt wn mines near Franklin, and the Fraly 
in Ja k n ·oun y, al ode er-ve mention, The Clari a mine, once 
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highly important, is now no longer worked. Some of these mines are 
notable for their deep shafts, and differ in this particular quite strikingly 
frorri the mica mines of New Hampshire. Here also, as in the North, 
the mica is notably associated with many rare minerals of great scientific 
interest; sarnarskite, for instance, has literally been found by the ton in 
some of the localities. Another interesting point in connectioµ with the 
North Carolina mines is the fact that the best of them were discovered 
by evi<lences of prehistoric working. In 1868 attention was called to 
some supposed "old Spanish silver mines" near Bakersville. These 
were examined by Prof. W. 0. Kerr, who found theht to be ancient and 
very extensive workings for mica; and it is now certain that from them 
came much of the mineral which occurs in various ornamental forms in 
the mounds of Tennessee and the Ohio valley. The mines in Macon 
and Jackson counties exhibit similar traces of aboriginal working. 
Quite recently a company has bee~ organized to mine for mica near 
Republic, in the northern peninsula of Michigan; but, with ·this excep-
tion, the indust:r;y does not exist between the Appalachians and the 
Black Hills. 
Black Hills.-In this region mica mining has of late years assumed 
great importance. The mines are mostly in Ouster and Pennington 
counties, Dakota, in the granitic intrusions w bich form the rugged 
peaks in the center of the district. This granite is remarkable for the 
extreme coarseness of the crystallization, the constituent minerals being 
generally segregated into large masses. From this granite the aggrega-
tions of mica are quarried out, and with the mica, as in the East, are 
found extraordinary quantities of beryl, tantalite, col um bite, spodumene, 
etc. One mass of columbite, reported by W. P. Blake, was estimated 
to weigh more than a ton. In almost all of the mica mines of this re-
gion tin is also found. Although numerous claims are held in the mica 
district only a few have been practically developed. The earliest ex~ 
plorations for miea were made in 1879, the McMacken or Black Hills 
mine being the first upon which much work was done. This mine has 
been so far the largest producer in the region, and from it some 45,000 
pounds of mica have been shipped, bringing an average price of $3 per 
pound, or a total of $135,000. Only the summer season has been avail-
able for working. The New York mine produces mica ranging from 
3 by 5 to 9 by 12 inches in size, and 2,500 pounds of such mica were sold 
by the original discoverers at an average price of $3.50 per pound. At 
present there are fourteen men employed in the mines, and the weekly 
output is 150 pounds of good mica. Only about 5 per cent. of the total 
mica ext,racted is of merchantable quality. The entire product of this 
mine up to date has been 5,700 pounds~ which sold for $19,950. The 
Lost Bonanza mine yields a remarkably clear mica, and some sheets 
have been cut as large as 13 by 16 inches, the average, however, being 
only 4 by 5. Twenty-six thousand pounds of this mica have been sold 
in Chicago at an average price of $4.35 per pound, or $113
1
100 for the 
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entire output. Seven men are employell, and the weekly yield in July, 
1884, was 150 pounds. The Climax mine has been well opened, and 
produces an excel1ent mica, which brings an average price of $4.35 per 
pound. The product of the mine from March, 1883, to .January 1, 1884, 
was 4,840 pounds, and from January 1 to July 1, 1884, 3,100 pouuds; a 
total of . 7,940 pounds, which was marketed in Chicago for $34,539. 
Seven men are employed, and the average weekly product in July, 1884, 
was 120 pounds of merchantable mica. There are several other mica 
mines in Custer county, and numerous prospects upon which some work 
has been done and from which smaller quantities of mica have been 
shipped. Among these, the Demund, Ola, Last Chance, Boss, Nellie, 
Sitting Bull, Rosa, Crescent, Denver, Hillside, Sioux City, Emma, 
Window Light, Eu:ceka, Grand View, Gray Eagle, Revenue, Old Mike, 
and Spotted Tiger mines have been developed to some extent. In Pen-
nington county some small shipments of mica have been made from 
the Emma, Peerless, Celia, Alice, and a few other mines, situated about 
three miles southwest from Harney. Mica mining in the Black Hills 
is, however, yet in its infancy; and there is every indication that many 
of the undeveloped claims are as good as those which have produced 
largely. The product for 1884 was fully double that of 1883. To re, 
capitulate, the product of the mines in Ouster county has been up to 
July 1, 1884: 
Produ.ction of mica in Custer county, Dakota, to July 1, 1884. 
Mines. 
Black Hills ... ___ ·---- - .... ·----··-----·----·-----··-----·-·-··.·----··--·-··-···· New York ...... _ ... __ ... . __ ........... __ ... _ .. __ .. _ .... ___ .. _ ....... __ ... _ ... _ .. . 
Lo1>t Bonanza ···-·· ·---·· ··-···. -··· -···· .. -· ··--·· ·----· .....•. ·-· ...•.......... 
Climax .. .. · ·--····· ··········· ····--····---- ··-··----··-···-··-········-········ 













Total ...... .••••• . .•..••••• ··-·-· .............. ·-·-··· ...••.... ··--·· . . -·... 124,640 442,589 
The production of the mines in the Black Hills in 1884 has been re· 
ported almost exactly, and was as follows : 
Mines. 
Climax ...... ··-···········-······················· 
Lost Bonanza .............. -· ......... _ ........ ·-_ .. 
iiu~i1:a:~~.::: ::::::::::: :: :::::: :::: ::::::: ::: : :: : 
New York·--···-·········-··· ········ ·--···· -···· · 
Last Chance ..................... ··---···-··.···--· 
Warren ···· ·····-··············-······-····-······· 
Wi1~i!eLigb.t:: :::::: ·::: :: : :: : :: :: : : :: ::: : :: : : ::: 
McMacken, or Black Ilills·-······· ............... . 
















Totalproiluctin 1884 ············· ··-·· ·.-- ···· 18,150 
Yalu or product at ~.50 per pound.:.. . .......... $63,525 
~HCA. 911 
Rocky mountains.-In Colorado mica has long been· known to be 
widely disseminated and to occur in many places in bodies o~· workable 
size, but mining has until lately always pro,ed the mica to be'' plu-
mose" and unfit for cutting into sheets. Many mines have been located, 
hut the product has always proved worthless, until in the summer of 
1884 the Denver Mica Company opeue<l a mine near Turkey creek, 
about 35 miles from Denver. This mica is of fair quality, and quite a 
considerable quantity of it has been mined. It is slightly brown and 
the largest plates which have yet been cut are not more than 2i by 6 
·inches· in size. Op.1y an extremely small percentage of the gross weight 
is availalJle for cutting into sheets. An effort is being made to put it 
upon the market, and at present four workmen are employed in trim-
ming the sheets. Mica of good quality and iu large plates has also been 
recently reported trom the neighborhood of Fort Collins. 
fn ·wyoming, mica bas been found in workable quantities near Dia-
mond Park and in the Wind River country, as well as at many points 
along the mountain ranges in Laramie county. It has recently been 
mined to some extent at Whalen canon, 20 miles north of Fort Laramie, 
and some of the product has been shipped to the Eastern market. 
In New Mexico mica occurs near- Las Vegas, and reports of shipments 
have been pnblisherl. .At Petaca, the Cribbenville mica mines are being 
worked at present by sixteen men. Work was commenced at these mines-
July 2, 1884, and the amount of excavation at present is 13,160 cubic feet. 
The plates cut range from 2 by 2 inches to 5 by 8 inches in size. Some 
specimen plates ha\Te been cut 10 by 12 inches, but the general avera.ge 
is about 3½ by 4½ inches. Some -12 tons of mica have been handled, but 
the amount sold and the average price obtained are not reported. Other 
localities in New Mexico also yield mica, but none have been developed 
except the two abov·e mentioned. · 
Pacific coast.-In California many deposits of mica have been noted, 
especially at Gold lake, Plumas county; ju El Dorado county; Ivanpah 
district, San .Bernardino county; near Susan ville, Lassen county, and 
at Tehachapi pass, Kern county. In 1883 a large deposit was discov-
ered in the Salmon mountains, in tl1e n..orthwestern part of the State, 
and some prospecting was done. 
In Arizona mica is abundant, bvt is not yet mined. In Nevada it bas 
been noted at many places, especially on Muddy river near the Arizona 
line, and to the northward of Pyramid lake. Merchantable mica, said 
to be abundant: has been discovered on the Payette river and Bear 
creek, an<l in the Creur d'Alene region, Idaho; and some of it has been 
marketed at $3.50 per pound. Mica of workable character is also re-
ported from Oregon and Alaska. 
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Production.-The output of mica in the United States is increashig. 
During the last three years the output is estimated as follow::;: 
Production of ntica in the Dnited States in 1882, 1883, and 1884. 
Years. 
1882 .••••..•••••..••••...•.•..•.......•..••...•••••.•.••.•.•..•...•.••••••••••. 
]883 ..•.•..•••••••.•••. . ......••.........••... ····· .•.•...••••..••••..•••.•.••. 









In the foregoing statement the average price of sheet mica marketed 
is assumed to be $ :?.50 per pound throughout the three years. This is 
probably a fair average, for while whole lots often command $3.50 per 
pound and exceptionally large and clear sheets sell at still higher rates, 
there is a large proportion which brings only about $2 per pound. The 
estimates do not include " waste " and ground mica. 
The exports of mica and mica goods are insignificant, amounting to 
only a few hundred dollars' worth annually. Imports during recent 
years have been : 
Unmanufactured mica impm·ted and ente1·ed for consumption in the United States, 1869 to 
1884 inclusive. 
Fiscal years ending .Tune 30- Value. Fiscal yea1·s ending .Tune 30-
1869............. . . . . . . . • . . . . . • . . . . . . . . . . $1, 165 1877 .•..••...•..••••••••.•••..•..•...••. 
1870 . ••• • • • . .• • • • .••• •• . •. . • . . • . . . . . . . . . . 226 1878 . ... . ... .. .........•.....•.•...••... 
ml::::::::::::::::::::::::::::::::::::: t !~i m~::::::::: :: :: : : : ::: ::::: :::::: :::::: 











Domestic occurrenoes.-The asbestus used in the United States is in 
· part mined here, in part imported. In this country the mineral is found 
in very many localities, but usually in pockets or other small deposits. 
In most cases of occurrence the amount is not sufficient to warrant the 
expenditure of the capital necessary for opening the deposits; conse-
quently the number of occurrences is far greater than that of operated 
mines. 
The fol1owing are the leading localities at which this mineral is ob-
tained : the towns of Brighto~, Sheffield, Pelham, and Windsor, Massa-
chusetts; Richmond county and elsewhere in New Yoi:k; near New 
Brunswick, New Jersey; near Media and Colerain, Pennsylva~ia; in the 
western part of Maryland; Hanover and Loudoun counties, Virginia; 
western North Carolina; northwestern South Carolina; Rabun and 
Fulton counties, Georgia; Butte, Fresno, Los Angeles, Tulare, Mari-
posa, Placer, and Inyo counties, California. It is reported also from 
Dakota, Wyoming, Colorado, Utah, and Nevada. This list of occur-
rences might be increased indefinitely, as the mineral is by no means 
an uncommon one. 
The annual production in 1883 and 1884 was a bout 1,000 short tons. 
The price in New York ranged from $15 to $40 per ton, the price vary-
ing wHh the quality. The American asbestus is usually characterized 
by a short fiber, and by being somewhat brittle and harsh. These 
qualities, while unfitting it to a greater or less extent for such uses as . 
the manufacture of rope, cloth, etc., in which a long fiber is required, 
do not injure it for the manufacture of paints, cement, packing, etc., for 
which purposes it is p·referred to the imported as being more refractory. 
Foreign sources.-Imported asbestus comes mainly from the province 
of Quebec, Canada, and is perhaps the best for genera.I uses. The bet-
ter qualities of the Quebec asbestus bring $75 to $100 per ton in New 
York, while the price of the poorer grades ranges as low as $40 per ton. 
For the manufacture of cloth, drop curtains, etc., Italian asbestus is 
principally used, as it has a long, silk,y, tough fiber, well titted for the 
purpose. This brings in New York from $100 to $250 per ton. 
Uses.-Tbe uses of asbestus depend upon its refractory qualities, and 
are being constantly extended. It is used for sheathing, for steam 
packing, for :fireproof paints, cement, and putty, as a lining for safes, 
for stove pipes, and for fireproof enamel for walls. It is made into yaru, 
wicking rope, cloth, and paper. Drop curtains for theaters are being 
2 MR--58 !)13 
• 
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made from it, and a demand has recently sprung up for this material 
for insulation for electric wires. 
Value of asbestus imported and entered for consumption in the United States, 1869 to 18&1 
inclusive. ' 
Fiscal years ending June 30- Unmann· Manu. factured. factnred. Total 
1869 .......••........•..••••••••.............•.....••..•••••....•.•. .••....••... $310 $31() 
1870 ········•••··•·•···•·•••················•···•······•·····••····· ·-·········· 7 7 1871 . • . . . . . . . . . . . . . . • . . . . . . . . • • . . . • • • . . • . • . . . . . . . . . . . • . • • • . . . . . . . • . . . • • • • . . . . . . . 12 12 
1872 ......••....•.••.......•••••.••....•......•........••••...•..•...••............... ·••··· .......•.. 
1873 . . . . . . . . . . . . . • • . • . . . . . . . . . . . . . • • . . • • . .. • • • . . . . . . • • . . • . . . . . . . . . • . . $18 . . . . . . . . . . . . 18 
1874 ........•....•..•.........•••..•••••.•.•...••.•••..•••...•... • .. 152 ...... ······ 152 
m; :::::: :::::::::::::::::':::::::::::::::::::::::::::::::::::::: ::: H~i :: m iJir 
[!!!IH!I)!!!!I!H!H!!!!!!!!i!!!!!!!!tt!!!: ~~ ---- ·:l iffl 
Domestic exports of manufactured asbestus. 








Fiscal years ending June 30-
1882 ...•...........•.....•....••..•••••. 
1883 .......•••••••••.•.••••••••••.•.•... 






. BY JOHN A. WALKER. 
Ocmtrrence.-From the tabulated list of useful minerals in the "Min-
eral Resources of the United States, 1882," .it will be seen that graphite 
is of too general occurrence to make of special value a list of the locali-
ties from which ~amples are received by the manufacturing companies 
for examination. During 1884,.nowever, the samples have been numer- , 
ous and of more promise than usual. There is a growing. interest in 
the mineral, which is becoming so generally used, and about which so 
little of value bas been published. Some of the more recent discover-
ies would probably have been developed but for the remarkable cheap-
ness of foreign graphite and the general business depression prevailing, 
especially that of the metal industries, on which the graphite trade largely 
depends. The importation, while smaller than in any year. since 1880, 
has kept the market fully supplied. These facts, coupled with the diffi-
culty of obtaining m.en with sufficie~t knowledge and experience to 
pro.duce the mineral in a pure state, have delayed the development of 
any of our more recently discovered ueposits, and the Dixon Company 
continues to be the only successful miner of graphite in the U nitcd 
States. Its mines at Ticonderoga, Essex county, New York, are under 
the management of Mr. William Hooper, the inventor of some of our 
best ore-dressing machines, and who has been successful in producing 
from a 10 per cent. ore the .finest graphite in the world. 
Graphite has been observed in many places throughout the Paci.fie 
St~tes and Territories; only in California, however, where its occur-
rence seems most frequent, have any attempts been made to mine and 
market or otherwise ut11ize it in a large way. The deposit which has 
lwen most worked in that State is situated ooe mile north of the town 
of Sonora, Tuolumne county, . from which some twenty years ago about 
1 ,000 tons of graphite were extracted, the most of which was shipped to 
Eu gland, France, and Germany, and there oold at the rate of about $100 
11er ton, a, price that afforded the shippers· some profit. But the impos-
1:,ibility of securing here any large quantity sufficiently pure for com-
rn~rcial purposes put an end to the enterprise, the labor of concentra,ting 
the crude material, which was largely mixed with slate and other for-
eign matter, having been expensive. Besides the Sonora deposits, graph-
ite bas been found in California at the following places: . Near Sum-
mit City, Alpine county; on the border of Tomales bay in the Coast 
915 
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range of Marin county; near Fort Tejon, Kern county; at Tejunga, Los 
Angeles county, and at Boser hill, Fresno county (both recent discov-
eries), and at several places in Sierra, Plumas, Mar~n, and Sonoma coun-
ties. In 1883 a deposit of graphite was found in the. Sierra mountains, 
Humboldt county, Nevada. The mineral here occurs in numerous small 
veins, some of it being quite pure; but like the deposits elsewhere on 
the Pacific coast, this possesses just now no special value. · Graphite 
has also been found recently in Beaver county, Utah, but the quality 
of the mineral and the extent of the deposit remain to be tested. A de-
})Osit in Albany county, Wyoming, is reported as about 20 inches thick 
and sufficiently pure to be worked; no developments have been made, 
and the extent of the deposit is unknown. 
Production.-During 1883 the Ticonderoga mines produced 550,000 
pounds, and estimating the output of various other workings at 25,000 
pounds, the total production for 1883 was 575,000 pounds, representing, 
at an everage spot value of 8 cents per pound, $46,000. The out-
put in 1884 was practically nothing. The accumulated stocks and the 
industrial depression caused the suspension of work at the Ticonderoga 
mines during 1884, and it is not known that any other mine was oper-
ated on a commercial scale. The year 1885 will, however, witness the 
earl,v reopening of the Ticonderoga mines, and active work during the 
whole of the year may be looked for. 
Imports.-The following table shows the quantity and value of graph-
ite imported and entered for consumption in the United States from 
1867 to 1884, inclusive: 
Graphite imported and entered for consumption in the United States, 1867 to 1884 inclusive. 
Fiscal years ending June 30-
1867 .....•.•.••• ........................ ···•············ 
1868 ...•...•..••••••.••• ••••••••.••••• •••••••••••• ·•••·· 
18G9 .•••••••.•••••.••••..•.•••.••..••..••.•••.....•.••.. 
1870 . •···•••·••···•••• .••.••••••••••••. ····••· ·•····••·· 
1871 ..•. •·••••·•···•··••·••••••••••••••·••••••·•·····•·· 
]872 ··•••• ..•..• . ..•••.• ·•• •••·••· ·•······•••··••· ·•·· •· 
1873 ·•••••·••··••••• ·••·•• •••••••••. ·•·•··••· ••· ...•.... 
1874 ....•• ··••••·•·· ·•·•••·•••·· ·••· ·•••••·••·······•··· 
1875 ..•.••..••••.••••.•••• · ••••• ••••.••. ••••···••··••·•• 
1876 .. .... ·•·•·· .•... •··•••••• .•••••.•...••••. ··•··••··• 
1 '77 ..•..•........•. ·••••••••• .••. ·••··•••·••·•••· .....• 
1878 . .....• . ..•..••..•.•••.••••• •••···•·••••·•· ....•••.. 
1870 . •••.•..••••••••••.•.. ••••••· .•.•••••..•...•• . .•.••. 
JS ·o ........................ .......................... . 
] 81. .•..•............•.•• ·••·•··········••···••·····••· 
lll ,., .. .................... ......... . ••.................. 
1 ;J_ •••••••••••• ••••• ••••••• ••••••••••••• ••••• ••• •••••• 

















100,008 278, 0'.?2 
150,027 :!81, 9fi6 
)50, 421 :!6!1, 835 









































Export8.-V r little crude dome tic graphit is exported. Thi will 
not p , r tr nge wb n it i · con ider d that th clome tic min , in 
vi l •1l 011\y 57G O O ponn<l,·, wllile 17,31 ,om puuuds w r im-
tati:tii · · ,·how for the ten year 75 to 1 '4., inclu iv , at tal 
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export of less than $20,000 worth. Figures of the export of manufact-
. ured domestic graphite are 4ifficult of statement, from the fact that 
graphite forms a partial ingredient in so .many kinds of goods. The 
custom-house records show, for instance, the following .figures: Exports 
of manufactured graphite of domestic production for the .fiscal year 1881, 
$1,066; for 1882, $4,834; while for most years no exports are specified. 
The records are obviously imperfect, as a single company in each of 
these years exported domestic graphite products of larger value. An 
approximate statement is the only thing possible; $25,000 per annum , 
will cover the value of the graphite in articles manufactured from the 
domestic product, while $50,000 per annum will probably cover the value 
of the articles. 
Manufactures.-The properties of graphite specially fit it for the fol-
lowing purposes: The manufacture of refractory articles, such as cruci-
bles, retorts, dippers, stirrers, bricks, stoppers, noz,zles, foundry facings, 
etc.; lubricating compounds, electricail supplies, stove-polish, electro-
typing "lead," pencil leads, and pigments. The table of relative pro-
portions of different kinds of graphite used, and the percentage consumed 
for each of the various purposes, given in the last report, must be 
changed somewhat on account of the increased use of graphite as a 
lubricant and in the manufacture of foundry facings. 
P1·oportionate amounts and kinds of graphite used for different purposes. 
Manufactures. 
Refractory articles, such as crucibles, retorts, stop-
pers, etc. 
f ~bri~1:; g;~pbit~:::::::::::::::::::::::: : : : : : : : 
Foundry facings, washes, etc . . .................... . 
i;:~~it:id~~~~~~~: ::: ::: ::: ::: : : : : :::::::·::: :::::: 
Gra11bited packing ................. ............... . 
Polishing gunpowder and shot .•................... 
Paint .............. . ............. ...... .... ....... . 
Electrotyping . ... ... ......... __ ................... . 
:Miscellaneous-piano action, ph•tog;·aphers' and 
· hatters' us~, electrical supplies, etc. 
Kinds of graphite used. 1883. 1884. 
Per cent. Per cent. 
Ceylon, .American . . • . . . . • • . 35 30 
Ceylon, American, German .. 
.American, Ceylon ..... .... . 
Ceylon, .American, German .. 
American .. . ... . . .......... . 
.American, German .... .. •.. 
Ceylon, .American .......... . 
Ceylon, .American ..... ... . •. 
.American ................•.. 






















100 I :oo 
The foregoing table shows quite an increase over the similar table of 
the former report in the percentage used for lubrication and manufact-
ure of foundry facings and washes. • These two lines deserve especial 
mention. ' 
Graphite in foundry facings.-The last few years have witnessed a 
great improvement in American foundry practice. From the compara-
tively light, simple, and rough castings of the earlier days, the time. bas 
been reached when immense castings are of frequent occnrrence, in 
wh~ch the work is often elaborate and the finish is very high; in fact, 
castings are now produced at will, light or heavy, smooth or rough, 
plain or ornate, of common, chilled, or malleable iron, steel, etc., and an 
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of tbe~e diff<:'.rent conditions require different service of tllc facings. In-
stead of the simple har<l-wood charcoal-dust of earlier t.imes, facmg~ of 
charcoal, sea coal, a.ntbmcite, soapstone, and "b~ack k:Hl '' or graphite 
are now used. In all cm,es where the work js severe, graphite is tbe 
coustitnent which gives the '' body," the "sleeking" a11d '' peeling" 
properties, to the facing. The use of graphite for thi8 purpose has in-
creased rapidly ,with the demand for better aud finer foundry wor4:. 
Graphite as ·a lubricant.-Witl..t the introduction of heaYier machinery 
foe service demanded of a lubricant ha:-, become more and more seYere. 
Fo;· much of this work it i~ found that oil will not answer at all, and 
for much moee it answers only at great expense; hence tlrn use of 
greases aud the more solid lubricants, such as graphite, mica., soap-
i:-;tone, sulphur, etc. Wben graphite first began to be used as a lubri-
cant auything which gave a stove-poli:::;h luster when rubbed was 
assumed to be'' black leacl" alld fit for lubricating purposes. Experi-
i'Uce soon proved it to giYe Yery varied results-sometimes very irood 
arnl sometimes the reverse; in fact, it was not reliable because of a lack 
of uuiform, correct' siziug a1al purity, an<.l soon f~ll iu disrepute among 
practical men, though continuing to be well spoken of in the books. In 
1868, howe\~er, systemat.ic experiments were begun in this country with 
a view to producing a reliable lubricant from graphite, and the final 
result lrn8 l>een very satisfactory. 
vVater-dressed dry foliated American graphite is a little thiu flake of 
graphite of extraorrlinary properties. Its superiority as a lubricant lrn,i;; 
l>een attested by all recent writers on friction. Its co-efficient of fric-
tio11 is very low. Its enduring qualities are several times greater tban 
tho e of a.ny oil. Unlike either oil or grease, it is uot affected by beat, 
cold, Ht am, acid·, etc., and acts equally well under varying conditions 
of temperature and moisture. 
Many aml carefully conducted experiments in tlie laboratory with 
Profi, 'Sor Tbnr ' ton's tc 'ting macbiue, and experience in shops, have 
shown tllat for the highest usefu1ncs8 the flake must be of a certain 
R1ze and clr s1-:ecl perfectly pnre. Graphite never occ1..us of the proper 
size and purity for us . Its natural impurities contain . uhstances fatal 
to anti -friction purprnw.' . Its proper selection, ,·izing, ancl 1wrfectino-
for lubricating purpo t? is a matter requiring large Hki11, mncb mad1in -
<'ry, ai :<l' great xpericnce. The <liffPreuce between a perfectly pure 
graphite and one almo ·t pure, l>.nt 8tiil totally uufit f'or lub1ieatiug, 
<:au not h <l t=>cted by >ithcr sight or touch. 
It ii-; r •commend cl dry for, team and air cyli11der:-;, wix , (1 with grea. 
for lie· \'Y hearing·, an<l mixed with oil for light bearing.. On ht'ing 
appli ,(l to a earing it r aclilj coats the ,' nrfc1ces wit1J a :hiny, nnctu -
011 .· 
0
Y<·11u·1, 1 he.-e ,·urfacc~ then ~1ide on each other with very litl l • 
fri<:tio11. 11 b 1 ing applir<l to heated heariug: th, graphite, oon fills 
11p :111.Y iiwqnaliti ·. of the h •a1·it1g- smf'act'.' <lne to euUing·, ahr:18io11 
(•I :., makitw th ,m .·111ooth an<l •yc11 aftPr wliic!1 th , lJ<'aring. 0011 ·ool: 
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down. It is equally useful for wood or metal . surfaces; in short, 'in all 
cases where friction exists. If the bearings are loose enough for the 
·introduction of this thin flake graphite, it will prevent heated bearings, 
cool those already heated, and reduce friction better than anything 
el~e. In all cases where the service required of a lubricant is very 
severe, graphite will be found specially useful, as in mill steps, gears, 
heavy bearings, bed plates, etc. 
Table of tests. 
Lubricant. 
Best spenn oil .................................... . 
Graphite mixed with enough water to distribute it 
over bearings ................................. ... . 








240 • 0555 
234 • 0596 




,-This is the most rapidly growing use of graphite. In 1884 a single 
company sold 250,000 pounds of it for this purpose, branded as '' lubri-
cating graphite," and probably as much more not so labeled, which was 
. used for the same pur.pose. 
A French engineer is said. to have recently introduced a new refract-
ory brick, made by agglomerating powdered graphite, for .metallurgical 
purposes. 
List of .A.merfoan manufactwrers. 
House. Location. 
4l .Toseph Dixon Crucible CoII\pany ..... .Tersey City, New .Tersey ..... . 
Phrenix Crucible Company . . . . . . . . . . . Taunton, Massachusetts . .... . 
_ Taunton Crucible Company . ... ............ do ............ ..... . . .. . 
.T. H. Gautier & Co............... . . . .Tersey City, New Jersey .... . 
R. Taylor & Co . . . . . . . . . . . . . . . . . . . . . . . Philadelphia, .Pennsylvania . . . 
Seidell & Co .............. ·.. . . . . . . . . . . ..... do . . .. ... .... ... ....... . 
Ross & Co . ................................ do ...................... . 
Hussey & Co . . . . . . . . . . . . . . . . . . . . . . . . . Pittsbnr1?:h, Pennsylvania ... . 
~~~~ i:~~fi"c~~i;a~r-·: :: ::::: :~:::: : -~~~l:0~~-~~~:::: :: :: ::: : :: : 
American Lead Penci' Company.... . . . .... . do . . ................... . 
Cutter & Brown ........................... do ...................... . 
Variety Iron Works . . . . . . . . . . . . . . . . . Cleveland, Ohio ......•.. . .... 
S. Obe1·mayer & Co . . . . . . . . . . . . . . . . . . . Cincinnati, Ohio...... . . .... . 
Mo1·se Bros ..... ... .................. . Canton, Massachusetts ..•.... 
.T. L. Prescott & Co ..... ........... .. . North Berwick, Maine ....... . 
American Chemical Manufacturing Rochester, New York ....... . 
and Miniug Company. 
Ransom & Go ...................... ... Albany, New York .......... . 
W. II. Colebrook . . . . . . . . . . . . . . . . . . . . . . Syracuse, New York . ........ : 
i~t~-!1c~~p~;y: :: : ::: :: : :::: :: ::: : ~: -~~~lr/~~ ?~~:::: ·: :: :: : : : : : 
H. _A. Bartlett & Co . . . . . . . . . . . . . . . . . . Philadelphia, Pennsylvania .. . 
Willard & Lane . ............... ~ .... . Taunton, Massachusetts ..... . 
I. X. L. Stove Polish Company ...... .. Grand Rapids . ..... ...... .. . 
Phrenix: Mining Company . . . . . . . . . . . . Philadelphia, :Penns:dvania .. . 
A. Z. Ryerson .................... ..... Bloomingdale, New Jersey .. . 
Articles mad~. 
Everything for which graph-








Lead pencils . . 
. Do. 
Do. 
Foundry facings. • 
Facings, etc. 
Facings, lubricants. 














The information contained in the following notes has been furnished 
through the courtesy of the Oil, Paint, and Drug Reporter, of New York 
City, with some additions from other sources. .Acknowledgment is also 
due Mr. Marcus Benjamin and Dr. I. W. Drummond. 
The principal mineral substances used in the manufacture of paints 
are: 
White-White lead, zinc white, barytes, blanc fixe, terra alba, china 
clay, whiting, and Paris white. 
Red-Vermilion and red. lead. 
Yellow-Potassium bichromate (used in the manufacture of chrome 
yellow, etc.), ocher, and litharge. 
Brown-Ocher, umber, and sienna. 
Blue~ Ultramarine. 
White lead.-White lead, the most important of all the white pigments, 
is largely made in this country. The pig lead from which it is produced 
is obtained from the 1 ad refiners, of whom a list is given on page 427. 
The lead is then corroded. There are about thirty-one corroders, or 
white-lead works, in this country, distributed as follows: Boston, Massa-
chusetts, 2; Buffalo, New York, 1; New York City, 5; Philadelphia, 
Pennsylvania, 3; Pittsburgh, Pennsylvania, 6; Baltimore, Maryland, 
1; Saint Louis, Mi souri, 3; Louisville, Kentucky, 2; Dayton, Ohio, 1; 
Cincinnati, Ohio, 3; Cleveland, Ohio, 1; Chicago, Illinois, 2; and San 
Francisco, California, 1. The process used is generally known as the 
"Dutch m tbod." It essential features are as follows : The pig lead 
i ca t into perforat<·d '' buckles" 7 inches in diameter and ¼ inch 
tbi ·k. The e buckle are packed in earthenware pots about 15 inches 
high and of suitable diameter for the reception of the buckles. A 
lilute solution of acetic acid i poured into the pots, which are piled 
in bin , or stack , 40 feet square. When the stack is completed it is 
vered with pent tan bark or manure and then left alone for about 30 
da . chemical decomposition of the lead follow in consequence of 
h h av g n rated: and the metallic pig becomes converted into the 
whit rbonat . The unloading of the stack then take place, with the 
o al of the con ent of the pot , which i partially 1 ad carbonate 
( hit 1 d) and partially un ·onverted pig lead. The mixture i thrown 
r · l in drum which retains th m tallic I ortion and allow the 
1 . l t pa. through a., er en. Th ua,nt.ity of pig lead conv rted 
1 n v r amount to more than 60 r 70 per cent. Th r i 
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always a residue of unconvertedJead. The composition of white lead is 
not constant. The amount of lead oxide (PbO) varies from 84.7 to 86.5 
per cent., with correspondingly differing amounts of carbonic acid (002) 
and water (H20). During 1884 about 65,000 tons of white lead were 
manufactured in this country. The price varied from 4½ to 5! cents 'per 
pound for the dry pigment, and for that in oil the price ranged between 
4¾ an<-1 5i cents per pound in the eastern markets. In the West it was 
a quarter of a cent lower. A small amount, 665,183 pounds, of white 
lead, was imported into New York: during 1884. It is higher in price 
than the American, selling at from 8¼ to 8JI cents per pound. It is im-
ported chiefly from England . 
. A so-called "isublimed lead" is prepared by a patented process, the 
principle of which is the direct oxidation cf the crude l~ad sulphide 
(galena) on the hearth of a reverberatory furnace, giving rise to a lead 
snl.phate. It is made in Joplin, Missouri, for John T. Lewis & Brother, 
of Philadelphia. 
White lead imported and entm·ed for 'consu,rnption in the United States, 1867 to 1884 inclusii·e. 
Fif,cal years ending 
June 30- Quantity. Value. 
Fiscal years ending 
June 30- Quantity. Value. 
Pounds. Pounds. 
l867 ·--·-··--· -· ·-·---·--· G, 636,508 $430,805 1876. ·---. ·-·· ····-·-·· _ . . 2,546,766 $175,777 
1868 -----------------·---· 7,533,225 455,698 1877 ·----· .. _. ···- .. , .... 2,644,184 174, 844 
1869 . _ ...... _ : _ .. __ ..... - . 8,948, G42 515,783 1878 ···-- · ·-·· ........ ·-. 1,759,608 113,639 
1870 ·-· ... ·- -- _ . . -- .... - - . 6,228,285 365,706 1879 -----· · ··-···-··· ·--· 1,274, 196 76,062 
18l'l ------ ··-··--··--· ---- 8,337,842 483,392 1880 . - .. - .. - ... . - .... - - - . 1,906,931 107,105 1872 . __ .. _ ... __ .. ___ ... _ .. 7,153,978 431,477 1881 ....... ··--·. --· --.- .. 1,068,030 60,133 
1873 ... __ . ---- -- --- -- .. - . . 6,331,373 408,986 1882 .. _ . ___ ... __ .... _____ 1,161,889 64,494 
1874 ··-------·---·----·--- 4,771,509 323,926 l883 ---·- ··-··----- ... ... 1,044,478 58,589 
1875. ---·· ------ ------ ---- 4,354,131 295,642 1884---------· - ---··--·-- 902,281 67)!19 
Zinc whUe.-Zinc white, second only to white lead in importance as 
a white pigment, is extensively manufactured in this country. It is 
made directly from zinc ore by the following companies: New Jersey 
Zinc and Iron Company, Newark, New Jersey; Passaic Zinc Company, 
Jersey City, New Jersey; B·ergen Port Zinc Company, Bergen Port, 
New Jersey; Lehigh Zinc and Iron Company, Bethlehem, Pennsylvania; 
.Page & Krause Manufacturing and Mining Company, Saint Louis; and 
the-Mineral Point Zinc Company, Mineral Point, Wisconsin. It is esti-
mated that during 1884 the output of these works was between 12,000 
and 15,000 tons. 'fhe price of the zinc white was from 3 to 4 cents per 
pound, according to the. quality, which is determined by its whiteness 
and body. In addition to its use as a pigment it is employed in the 
manufacture of rubber, of pottery, and of various kinds of paper~ 
Tlle imported zinc white is chiefly made by the Societe Anonyme de la 
Vieille Montagne, whose works are in the Liege district, Belgium. Three 
grades of this pigment are imported into this country: (~) the "Paris 
green seal," (2) the "Paris red seal," and (3) the ''Antwerp red seal." 
_\.ccording to its quality it is worth from 5½ to 8} cents 'per pound. A 
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small quantity of the zinc white ground in oil is likewise imported. At 
New York the importations during 1884 were 1,898,452 pounds. The 
quality of the French zinc oxide is considered superior to the American 
grade in purity of color. A small proportion, some 330,000 pounds, of a 
German zinc white, known as the '' L. Z. O." brand, was imported into 
New York during 1884. 1t sells at from 6 to 6½ cents per pound. 
Oxide of zinc (a) imported and entered for consumption in the United States, 1867 to 1884 
inclusive. 
FiscalyearsendingJune30- Quantity. Value. FiscalyearsendingJune30- Quantity. Value. 
Pounds. 
1867 . . . • . . . • . . . . . • . . . . . . . . . . . . 1, 569, 322 
1868 . . . . . . . . . . . . . . . . • . . . . • • . . . 1, 954, 485 
1869 . . . . . . . . . . . . . . . • • • . . . . . . . . 1, 819, 208 
1870 . . . . . . . . . . . . . . . . • . . . . . . . . . 2, 064, 234 
1871 . . . . . . . . . . . . • . . •. . . . . ... . . 2,075, 898 
1872 . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 660, 091 
1873 . . . . . • . . . • . . . . . . . . . . . . . . . . 3, 530, 465 
i 874 .•...•....... . ...... . ..... , l, 974,469 
1875 . . • . . . . . . . . . . . . . . . . . . . • . . . 2,800, 998 
Pounds. 
$91, 330 1876 . . • • • . . • . . • • . . . . . . • . . . • • . 2, 460, -144 
95, 518 1877 . . . • . . . . . • • . . . . . . . • • . . . • . 2, 068, 729 
105, 844 1878 . • • . . . . . . . . . . . . . . . . . . . . . . 2, 451., 060 
113,254 1879 . . . .. . .. . ........... •. . . . 2,274, 935 
103, 493 1880 . . . . . . . . . • • • • • • • • • . . . . . • . 2, 288, 604 
193, 448 1881 . ·. . . . . • • . . • • . . • • . . . . . . . . . 2, 044, 7l8 
233, 421 1882 . . . . . • . . • . . • • . • . . . . • . . . . . 2, 538, 0110 
136,282 , 1883 . . . . . . . . • . • •• . . . . . . . . . • .. 1,877,804 










a Presumed to be dry oxide, not ground in oil. In 1884 the imports of zinc oxide ground in oil were 
116,135 pounds, valued at $6,856. 
Barytes.-This mineral (heavy spar, barite, barium sulphate) is abun-
dant in many parts of the country, and is mined in considerable quan-
tities in the following States, named in the order of their production: 
Missouri, Virginia, Tennessee, North Carolina, and Connecticut. It is 
difficult to form even an approximate estimate of the production, owing 
in part to the reticence of manufacturers and dealers. It is probable, 
lrnwever, that it was in 1883 and in 1884 between 25,000 and 30,000 
ton . The value of crude barytes ranged from $1.50 to $5 per ton at 
th mines, varying with the quality and the proximity to market. Orude 
barytes is ground by several firms, but chiefly by Burgess & Newton, of 
New Haven. Of the ground material, the price in 1883 ranged from 
15 to 22 per ton, and in 1884 from $12 to $20; the best quality bring-
ing $1 to $20, while the inferior grade sold at from $12 to $15. 
Barytes is imported from England, Ireland, Germany, Oanada, and 
.r ova Scotia. The imported mineral in lumps is worth from $6 to 10 
p r ton. The expen ·e of manufacturing is about $7.50 per ton. It is 
ti ated that at least 10,000 ton of barytes were used in New York 
during 84, of which one-half was con ume<l. by the paint manufact-
ur r . As regard quality, the American is con iJered equal, if not 
ri r, to the imported, the dome tic mineral being ofter and 
m th r. Much of the American baryte ha been found in pocket 
d I it , and th refore th mount and quality cannot al ways be de-
1> nd d on. At aint Loui , fi , ouri, the age & Krause Manufact-
nd ining Com any prepare a "floated baryte "which i in 
r· 1 mand. Th ground mineral i floated in long ,Juice-
d h t hi ·h fl be fartb . t i the tin t. Thi variety of 
L f un 1 t b 1 r than that which i simply ground, but 
:MlNEHAL PAINTS. 923 
1t is lia,ble to be a little less white in color, as it takes some of the color· 
.ing matter from the water with which it is treated. It sells at from $30 
to $32.50 per ton. 
Besides its large consumption in the manufacture of paint, baryta 
is used in the form of peroxide in bleaching and in the form of nitrate 
in fireworks. It is used largely as an adulterant, especially as a make· · 
weight. 
Blanc fixe, also known as permanent white,and barytic white, is arti· 
ficial barytes. The crude heavy spar is thoroughly ground and mixed 
with some carbonaceous material, such as coal dust, and some chlorine 
compound, generally the residue from chlorine stills. This mixture is 
treated in a reverberatory furnace for an hour. The resulting mass is 
lixiviated, and the liquor, which is a solution of almost pure barium 
chloride, is drawn off and mixed with sulphuric acid. The resulting 
precipitate, which is barium sulphate in an exceedingly fine state ofdi· 
vision, constitutes blanc :fixe. It is generally sold in pulp (that is, 
ground in water) at a price mnging from 2i to 2! cents per pound. Its 
coveripg power is much greater than that of the natural barytes. It 
is manufactured in New York. Besides its application as a paint it is 
used by calico printers, card makers, and in the manufacture of paper. 
There is very little, if any, di:ff'erence between the ·imported and Ameri· 
·can.made article. 
Ba1·ytes, etc., i'mported and entm·ed for consumption in the Unitea States, 1867 to 1884 in-
clusive. 
Fiscal years ending June 30-
1867 ..................................................... . 
1868 ... .................................................. . 
1869 .... ....... ......... ··-· .•••••.•.••...•..••.......... ·. 
1870 .. . ...... ............................................ . 
m~· ::: :: : ::::: :: :::::::::: :::: :::: :: :::: :: ::::~: :::: :: : : 
1873 .... ······ .•••••.••.......•..•••.• ··•··••· ........... . 
1874 .........•..•......•.•.•.••. ·-···· .••...••••.•........ 
1875 ....... ...... .... ................................... . 
1876 .. . ... ............................................... . 
1877 .............. ....................................... . 
]878 ..................................................... . 
1879 . ............................... : ••...•....•....•..... 
1880 ..................................................... .. 
1881. ... . ............................... ··•··· ······ ······ 
1882 . .... , ............................................... . 
1883 .................. ··•··•······ ...•...... .•• ...... ~ ••.• 





























































aNot specified. bNot specified since 1877. 
The imports ii;i 1884 consisted of: 
Pounds. V::ilue. 
Manufactured snlpb::ite ofbaryta.. ..... . .. ..... ...... .... . ..... •. . .......... .. . 2,721,361 $15,417 
U11man11factured snlphate of baryta....................................... ... . . . 2, 58!i, 082 3, 660 
-------
Total. ................. . ... ........ ..................................... . 5,306,443 19,083 
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Blanc jixe, satin white, enarneled white, lirne white, and all combinations of baryies with 
acids or water, imported and entered for consumption in the United States, 1867 to 1884 
inclusive. · 




1870 ··•··•••·•·•·•••·•······· · 
1P71 ..••••.•••••.•••••..... •. . 
1872 .•••••.•••.....•••..•.... . 
1873 .••••• ··• •••·•·•·· ··•·•··· 
1874 .•••••.•••••..••.•.•• . ..•. 




















1876 . .••••• ••.• .. ·•••• · ...•.. 
1877 ..•• •••.•.•.•...•.. ..... . 
1878 ... .. .•••.... .••. ..•. .... 
1879 ...•..••......••...•..... 
1880 ..••..•.................. 























Terra alba is ground gypsum (see also page 809). The gypsum usecl 
for this substance is entirely imported from Nova Scotia. The mineral 
is ground at two places, Newburgh and New York City. Gypsum for 
this purpose is imported in two qualities. The best (or No. 1) is worth 
from $5 to $7 per ton; the poorer quality (or No. 2) is worth from $3 to 
$4 per ton. After it has been ground it is worth for No. 1 from $14: to 
$15 per ton, and for No. 2 from $8 to $10 per ton. A finer grade, worth 
from $18 to $20 per ton, is imported from France. During 1884 
4,132,784 pounds were imported at New York. The amount of .Ameri-
can terra alba annually produced is estimated to be slightly less than 
that of the imported. It is used in making cheap white pigments and 
as a weighting substance or adulterant for many purposes. 
Terra alba imported and entered for consumption in the United States, 1869 to 1884 
inclusive . 
.Ahuninous. Not a.luminous. 
Fiscal years ending June 30- 1-----,-----1--------1Totalvalue. 
Quantity. Value. Quantity. Value. 
Pounds. Pounds.· 
1869 . . • . . . . • . . . • . . • • • . • . . . • • • . • • . . • • • . • • . . • • . . • • . . • • . . . . . . • • . . . • . . • • . . . • . . • • . $7, 002 
!ii :i!!i)!i!iiii!!!!ii!!!!i'.:/'.I'.I: :1ii)!!I ::::ii: I((!i! ---'l:! 
1878 ....•.•... ..• . .••.. ••• .••.•• •• •.•.• •.••• ••• .• : . . . 683 . . . . . • . . . . . . 33, 509 
\J\\l\IU)ll\I)lll\\/~!~~J il:m '.'.'.'.~i}L ... ~-~ 
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No estimate of the amount produced could be obtained. The demand 
during 1884 is Raid to have been somewhat less than that of the pre-
vious years, owing to the fact that several factories, where considerable 
quantities of this pigment were employed, were closed. The price 
was from 5¼ to 5½ cents per pou·nd. Some 198,588 pounds of red lead 
were imported into New York during 1884. In quality the American 
article is claimed to be fully equal to the imported, but for some few 
purposes there is a slight demand for the foreign material. The im-
ported is a little higher in price, selling at from 7 ! to 71 cents per pound. 
Red lead imported and entered for consumption in the United States, 1867 to 1884 inclusive. 
Fiscal years ending June 
30-
1867 ----·· ..... _ .... _ ..... . 
1868 . ·· ·- .. ·----· ......... . 
1869 . . --··. -· _ -·. - · ····· -- . 
1870 __ ..... __ . _ - - . __ . -- · -- -
1871 ~ ... _ ................. . 
1872 ... . ..... ·-. _ -- __ -·· .. . 
1873. ·····-·- -· ·----· ·----· 
1874 . ·- - --· ·--·· · ------- ---






















Fiscal years ending June 
30-
1876 ···-··················· 
1877 . .. . · .. .. -- . . .... --·· --· 
1878. ···--· ·----· ·· - · ....•. 
1879 _ . .. .. - ... - . - . ... -.... . 
1880 ... •.. ..... --- ........ . 
1881 _ ... - . - .. _ ...........•. 
1882 -· · - - · .. ' .......•... • .. 
1883 . · -· · ·- ·····- . ....• •. .. 
1884 ..•..•...... ·······-··· 






















Litharge.-N o figures of the production or consumption of this pig-
ment are available. lt is ·manufaetured by lead refiners and corroders . 
..A. diminished consumption during 1884 is said to have occurred, on . 
account of the depression of business causing several factories, where 
large amounts of litharge were used, to close their works. The price 
change_d but little; it bas sold at from 5¼ to 5! cents per pound. A 
limited quantity of English litharge, some 28,149 pounds, was imported 
at New York during 1884. .As regards quality, the American is claimed 
to be ful1y equal to the foreign. 
Litharge i'mported and entered /01· consuniptfon in the United States, 1867 to 1884 inclusive. 
Fiscal years ending June 
30-
1867 -·····-·· ·····-······ · 
1868 -···· · · .. .... -········-
1869 ···-- _ -······ -···-· ... . 
)870 _. -·- ·-·- . . ......... _ .. 
1871 . ... - -····· ... ·- - -··. - '. 
lls72 __ ·--·-·--········--··· 
)873 . _ - . - - ..... -. - . - . ·-- .. -
1874 · ······---·-·---·-·-··· 






















Fiscal years ending June 
30-
1876 ---·· -····· ....•. ··· · -· 
1877 ... - ····•· -··· ········ 
1878 ····-····· · -····· -· ··- · 
1879 -··-· ... . . -·· ·· ··-· ···· 
1880 _ ... ·-· ....... ·· - -····· 
1&81. - ... - - --···. · --. ·-- ... 
1882 . ···- ... . -··· -···-···· · 
1883 --··- ·· ·-···· ······-··· 






















0cher.-Ocbers are hydrated oxides of iron containing varying pro-
portionH of ferric oxide and water. The term has also come to inelude 
earthy mixtures of silica and alumina with oxide of iron and sometimes 
calcareous matter and magnesia. "Indian red" was originally a term 
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given to a mineral found in the Persian gulf, and used as a pigment, 
The hard coarse powder had a dark red color with a tinge of purple, 
It contained: 
Ferric oxide ................. . 
Silica ........................ . 
Alumina ..................... . 
Lime ........................ . 
Magnesia ..................•.. 
Sulphur dioxide ............. . 











The ocher deposits of this country may be said generally to exist 
wherever iron ore is mined. There are many localities that are worked 
in-. Vermont, Pennsylvania, Wisconsin, Georgia, Alabama, and in sev-
eral of the western States. The deposits of Brandon, Vermont, are 
I 
well known. At Bermuda Hundred, Virginia, about 1,000 tons are 
annually produced, having a value at the mine of $22.50 per ton. A 
locality near Saint Louis, Missouri, is said to yield an ocher equal to the 
best imported, and it is valued at $30 to $35 per ton . The price of the 
poorer grades of ocher is from $7 to $10 per ton, while the better quali-
ties arn sold at from $15 to $30 per ton. The latter price is fodinely-
powdered ocher, barreled and delivered in New Xork. Paint factories, 
where the crude pigment is ground into paint with oil, are found in most 
of the large cities; in Portland, Boston, New York City, Philadelphia, 
Baltimore, Saint Louis, Cincinnati, Cleveland, Chicago, Pittsburgh, and 
San Francisco. Many of these factories own or lease deposits which 
are worked for theil' exclusive use. Ochers are also found in all coun-
tries, but the most celebrated and those chiefly used in paiutfng are 
the ochers coming from the south of France (St. Georges sur la Pres; 
Vierzon, and Saint Amand); from Italy; from England (Shotover hills, 
nea,r Oxford), and also from some parts of Germany. The importation 
of ocher at New York in 1884 w~s 5,658,703 pounds. The foreign ochers 
are ,con idered uperior to the American, with the possible exception 
of the recently-opened depo its near Saint Louis. The lower grades 
of French ocher are poor, and perhaps may be placed lower than the 
b t Bermuda Hundred ochers. The American ochers for the most 
part lack strength or tinting properties, and they require too much oil 
for grinding. An ocher requiring only 25 per cent. of oil to grin<l it 
int a pate i naturally much more economically made into paint than 
one requiring 50 per cent. of oil, even though the price of the crnde 
o h r b greater. The annual consumption of ocher in the United 
tat i · e, timat <} to be about 10,000 tons, of which some 3,000 ton are 
imp rt d. The following tabl s show only partial import , accordiu" 
to tb cu m-bou e cla sin.cation, part of the ocher being reported 
un<i r p ial tr de name : 
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Ocher and ochery (36,rth, dry, iniported and enter.ed for consumption in the United States in 
1882, 1883, and 1884. . 
Fiscal years ending June 30- Quantity. Value. 
' 
Pounds. 
1882 . . . . . . • . . . . . . • • • • • • • • • . • . . • • . • • • . . . . . • • . . • • • • • . . . • . . . . • . . . . . . • • . . • • . . . . . . • . . 5, 530, 204 
1883 .•...... •...............•..•• ,. . • . . . • • . . . • . . . . . . • • . • . . . • . . . • . . • . • . . . • . • • . . • • . 7, 022, 615 




Ocher, gr~wnd in oil, imported and entered for consumption in the United States, 1867 to 
1884 inclusive. 
Fiscal years ending June 
30-
1867 ...................•.. 
1868 ..... ........ ......... . 
1869 ...................... . 
1870 .•....... ······ .....•.. 
1871 ......••..••••.... ... •. 
1872 ...................... . 
18i3 .... .....•• .•.......... 
1874 · ········••·••······••· 






















I Fiscal years ending June 
30-
1876 •. ················· .... 
1877 .. ....••...... •.... .... 
1878 ....... •.•.• : •. ·•··· ... 
1879 .......•............... 
1880 ....................••. 
1881. ····· .....•........•• 
18$2 ···•···•· .•............ 
1883 ......... ·•••·•···· ..•. 






















Indian 1·ed and Spanish brown imported and entered for consumption-in the United States, 
1867 to 1884 inclusive. 
Fiscal years ending June30- Quantit.y. Value. FiscalyearsendingJune30- Quantity. Value. 
Pounds. 
1867 ..................................... . 
1868 ..................................... . 
f fii/t}\Eii Im:; 











1877. ······•········•·· ..... . 
18i'8 . .••........... .. . ....... 
1879 ...•... ·•··•· ···· ····· ··· 
1880 ....•.... .•... ... .....••. 
1881. .•.•..............•..... 
1882 ... , ...............•.•.•. 
1883 .... ... ··•··· ........... . 
1884 .••••••. .•••...• ......... , 
I 




















Umber.-Umber is a naturally occurring mixture oflimonite (hydrated 
ferric oxide) and hydrated manganese ore with clay. A little has been 
mined in Pennsylvania and some in Vermont . . Certain mineral pigments 
are sometimes mixed so as to produce an artificial umber. Its color and 
depth of hue compare unfavorably with the imported umber. The 
American umber is usually cold and gray, while the imported is rich, 
warm, and reddish. It is shipped principally from Leghorn, Italy. 
Umber is found in beds with brown jasper in the 'island of Cyprus, and 
it also occurs in certain parts of Turkey. Laid down in New York it is 
valueil at $22.50 to $30 per ton. Umber is used by painters as a brown 
color. 
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Umber imported and entered for consumption in the United States, 1861 t<> 1884 inclusive. 
Fiscal years endingJune30- Quantity. Value. FiscalyearsendingJune 30- Quantity. Value. 
1867 ..........••••••.. ., .•.... 
1868 .........•...... ·········· 
1869 ..•...... • ·····•· ········ · 
1870 ..•.. .•.••........... ...•. 
1871. .............. , ... ...... . 
1872 ....................... · .•. 
1873 .... ..................... . 
1874 ......•.•................. 





















1876......................... 681, 199 
1877..... . • . . . • . . . . . • . . . . • . . . 1, 101, 422 
1878. . . . . . • . . . . . . • . • • • . • • • • . • 1, 038, 880 
1879...... .. . . . . . . . . . . . . . . . . . 986, 105 
mt:::::::::::::::::::~::: ~: m: :~ 
1882....... .• • . . . . . . . . . . . . . . . 1,923,648 
1883......................... 785, 7.94 
1884..... . . . . . . . . . . . . . . . . . . . . a2, 946, 675 










Sienna.-Sienna is a name g1ven to a clay colored by the peroxides 
of iron and manganese. Siennas are mined to a very slight extent in 
Virginia and Pennnsylvania, and in Canada. Most of the material used 
in the manufacture of paints is imported from Italy. Sienna is never 
burnt in this country, but is imported in lumps either raw or hurnt. 
Its value is from 4 .to 6 cents per pound. The imports at New York 
during 1884 were 392,119 pounds. 
Ultramarine.-This most beautiful of all blue pigments is obtained 
from lapis lazuli, a minerai of somewha.t rare occurrence. The finest 
samples of this stone are obtained from Persia, Lake Baikal in SibP,-
ria, Bokara, and more recently from China. Only from 2 to 3 per cent. 
of the purest article can be obtained from the best stone, and the pig. 
ment is therefore very expensive, costing sometimes more than $WO 
an ounce. A very small quantity is imported into this country and 
ground into paint for artists' use. 
The artificial preparation known as ultramarine is largely employed 
as a pigment. It is composed approximately of' 46.60 per cent. silica, 
23.30 alumina, 3.83 sulphuric acid, 21.48 soda, 1.06 iron oxide, and traces 
of lime, sulphur, and magnesia. The ingredients employed are some. 
times china clay, sodium sulphate, charcoal or pit coal, and rosin; or 
china clay, soda, silica, sulphur, and rosin. Their proportions are a 
matter of secrecy, but may be deduced pretty accurately from the per-
centage of compo ition just given. The raw materials are ground very 
fin , w 11 mixed and pre sed, and calcined in muffle furnaces at a red 
heat for 12 to 36 hour or until the sulphur is nearly burnt off. When 
tbe :firing i · compl te the furnace are closed tightly and the material 
i all wed to cool, requiring five to ix days. The product is first green 
ultramarin , which during the cooling proces changes into a dark blue. 
ft r wa bing it i. ground in wet mills for from two to .five dayi-;, 
1 under th action of heat, repeatedly wa hed, cla ified, dried, 
It d, and pack cl. In thi country th re are two factorie of thi 
nt-th American ltramarin Work at wark,NewJer ey,aud 
rmani, Ultramarin Work at W1Jit ton , Long I land. In 
th· prc•p, ra. i u f the pigm nt tlie · fa •torie , u · prin •ipally t.hr • 
arh ·1 ·: (l) •ugli h ·I· y, imp rt <l fr m ()om all, Englm1d, wbicll 
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costs from $15 to $18perton landed in New York. An American clay, 
costing from $10 to $12 per toJ), has been somewhat used. (2) Sulphur, 
which comes mainly from Sicily. .A little has been imported from Japan, 
only as an experiment, however. (3) Soda ash, imported from Eng-
land. Of each of these three substances about 750 tons are consumed 
annually for this purpose. .A small amount of American rosin is used, 
and the sand employed is likewise domestic. Tbe output of the two 
factories during 1884 is estimated to have betm 1,400 tons; while 312 
tons were imported into New York during the same tims. The price 
varies, according to the purity, brilliancy, and strength of color, from 
2i cents up to as, high as 50 cents per pound; the average price, how-
ever, is between 8 and 12 cents. The American brands compare quite 
favorably with the imported. Considerable prejudice existed for a long 
time against the domestic 'preparation, but this is now gradually dis-
appearing. The principal foreign manufactories are in Germany, but 
ultramarine is also m~de in .Austria, Belgium, France, and England. 
Ultramarine imported and entered Jo,· consumption in the United States, 1867 to 1884 in-
clusive. 
Fiscal yeare ending .rune 30- Quantity. Value. Fiscal years ending.rune 30- Quantity. Value. 
Pounds. 
1867 .......•.....•.•..•..•.•......•..••... 
1868 .. • ......•••... . •.••.•.••..••..•... - . 
1869 .....••. . .•...•..••..•.........••...•. 













1876......................... 1, 394, 697 $191,606 
1877. . . . . . . . • • . . . . . . . . . . . . . . . 1, 559, 027 203, 763 
1878. . .. . . . . • . . . • . . • • • . . ••• . . 1,279,297 162,487 
1879. . • . • • . . • • . . • • . . . . . . • • • • • • 1, 020, 003 13 l, 762 
1880 ......•.. .. ..•...... ...•. · 1, 214, 770 162, 653 
1881. . • • . . . . . . . . • • . . . . . . • • • • • 913, 935 127, 352 
1882.. .• . . . . . . . . . • . . . • . . •• • . . 906,684 122, 988 
1883. . . . • . . . . • . . . • . . • • . . . . . . . 819, 625 105, 654 
1884 ..•••.•• _.............. .. 1, 015, 875 114, 228 
Slate-and shale.-Roofing slate is included under the head of Building 
Stone, page 662. Slate, and also some shale, are used to a limited ex-
tent as pigments after grinding. Messrs. Ilsley, Doubleday & Uo., of 
New York City, mine at Grafton, near Troy, New York, a slate or shale 
which the-y grind and sell as a pigment. Their output is about 2,000 
tons per year, which is said to be less than the demand. It se11s at 
from $10 to $15 per ton, according to quantity. This substance come~ 
in four colors: green, slate, red, and drab. The ground pigment is 
mixed in oil by the purchasers according to their ,~ants. It is em-
ployed in the preparation of certain roofing paints, as a backing for oil-
cloths, as a " filler" or first coat in some methods of outside painting, 
and to a small extent for the same purpose in coach painting. It is also 
used in the same way on a small scale in England, and is exported to 
that country in small lots. It is claimed to make a durable paint, but 
it takes up a large quantity of oil in grinding. In addition to the man-
ufacture in New York State, it is reported that slate is produced for 
similar purpo~es at Green Bay, Wisconsin, and possibly elsewhere. 
2 M R--59 
CHALK. 
No chalk is quarried in the United States. Some scattered deposits 
have been found, but the cost of transportation to a market has hitherto 
prevented competition with the imported chalk. The mineral is so 
cheap and easily mined that, the supply being imported as ballast or 
at low rates, the domestic chalk, which would have to be carried over 
considerable distances by rail, is under present conditions at a disad-
vantage. The imports come almost entirely from Great Britain, with 
small quantities from Dieppe and Rouen in France. The Swedish chalk 
cannot compete with that from England on existing terms of trans-
portation. 
The products from the imported chalk are common whiting, gilders' 
whiting, pa:ris white, and prepared chalk drops, besides which there is 
a small quantity, perhaps a thousand tons a, year, used in the manu-
facture of chemicals. 
At the close of the year 1884 the price of chalk in New York was 
about $1.25 by steamer and $1.70 by sail per long ton of 2,240 pounds, 
invoice weight at the quarry, the difference in price being caused by 
the steamer chalk having to be lightered, while that of the sailing 
vessel i~ unloaded directly on the dock. The foregoing are the prices 
ruling under the lowest conditions. As an average, it may be said 
that the importing price has ranged between $2 and $3.50 per long ton, 
wet, while the selling price of kiln-dried chalk has been $5 to $8 per 
short ton. 
Paris white is the name given to the white coloring substance pre-
pared by grinding cliffstone, a variety of chalk or limestoue which is 
a· hard as some building stones and. has a greater specific gravity than 
the ordinary chalk. It is imported from Hull, Englan<l, a.nd sells at 
from 2 to $4 per ton ex vessel, according to freight rates from Hull. 
Durin(T the calendar year 1884 3,flO(>½ tons of cliffstone were imported 
at w York. The paris white made in ti.ti · country is sold. at from 
1.1 to 1.25 per. hundredweight, in casks, according to make and 
quality. The pari8 whit~ macle in England, of which 508,185 pound' 
w r i port d at .... ew York during the calendar year 1884, ·ell at 
fr m ; 1.~5 to , 1.30 per hundredweight. There is apparently no <lif. 
f r- • • iu qnalit • b, w en the cliff tone ground in this countr.v and the 
imJ rt !cl pari whit . It. · priucipal u:s i , in the preparation of kal-
1 i,· al ·o •mploye<l in the mauufacture of rubber, oil-cloth, 
30 
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wall papers, and fancy glazed papers. The makers of paris white from 
English cliffstone are: H. F. Taintor, 0. T. Raynolds ~ & Co., and Phil-
lips & Ferguson, of New York City; George Hasse (proprietor of the 
Richmond Refining Works), Holt & Duncan, Leatherman & Brother, 
and J. W. Graffley & Broth~r, of Philadelphia. 
Whiting or ground chalk.-All of the whiting used in this country 
is ground from chalk imported from Hull, England. The annual pro-
duction of whiting is about 3_00,000 barrels. The price varies accord-
ing to the quality, from 35 to 90 cents per hundredweight. There are 
four grades made, as follows: Common whiting, worth from 35 to 40 
. cents; gilders' whiting, 60 to G5. cents; extra gilders' whiting, 70 to 75 
cents; American paris white, 80 to 85 cents. The uses of whiting are 
about the same as paris white, which it closely resembles. The man-
ufacturers of whiting in the United States are: Messrs. 0. T. Raynolds 
& Co., Truslow & Co., H. F. Taintor, John J. Budd, Frank Mctlone & 
Co., John N. Koster, William B. Weddle, .Arthur Buel, and Phillips & 
Ferguson, of New York City; E. V. Crandall, Brooklyn; Conrad 
Zeiger, Williamsburg; W. S. Pratt & Co., of. Boston and Pbiiadelphia; 
J. W. Stickney & Uo., Boston; Southwark Manufacturing Company, 
J. W. Graffley & Brother, Holt & Duncan, Leatherman & Brother, and 
Kelley, Brother & Spielman, of Philadelphia-all of the Philadelphia 
makers being represented by the Quaker City Whiting Company. 
Imports and exports.-Tbe re-exports of chalk and exports of' prepa-
rations of chalk are small. H,~cent imports have been a~ follows, the 
values being the declared foreign values : 
Chalk imported and entered Jo1· conBuniption in the United StateB, 1867 to 1884 inclusive. 
• ' 
White and cliffstone. All other, not other-
wise specified. 
Fiscal years ending J" une 30-
Quantity. Value. Quantity. Value. 
Owts. Po1inds. 
1867 . . . . . . . . . • • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 211, 956 $12,435 . -.... -- -..... --
1868 . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211, 428 12,682 ------ ------
1869 ......•...........••....... _ . . . . • . . . • • . . . . . 302, 735 
1870 . . . . . .. . . . . • . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . 222, 658 
27,840 51,973 
20,907 49,689 
J 871 . . . • . . . . • • . . . . . . . . . . . . . . . . .. . . . .. • • • • . . . . . . 325, 153 40,070 76,688 
1872 . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . 359, 797 65,264 ------------
1873 . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5J.2, 094 
1874... .... .. . . • . . . . • . . . . . . . . . . . . . . • . . . . . . .. . . . 588,381 
45, G79 687,101 
37,760 140,120 
1875 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 411, 590 31,363 9fi,165 
1876 . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 540, 340 22,266 lOG, 941 
1877 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • • . . • . . . . 544, 850 21,115 119, 2l2 
1878................ •• . . . . . . . . . . . . . . . . . . . . . . . . . 934, 207 42,807 100,233 
1879 . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . 452, 910 20,579 60,197 
1880 . . . . . . . . • • . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 994, 203 46,870 147,276 
188 l . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . •. . • . . . . . . 843,440 49,354 143,003 
1882 . . . . • . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 995, 029 45,455 191,133 
1883 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . 1, 209, 514 
1884 ............................... , . . . . . . . . . . al, 195, 450 
47,107 133,327 
b49, 990 (c) 
a Chalk, 1,026,200 cwts.; clifl:'stone, 169,250 cwts. 
b Chalk, $34,894; cliffstone, $15,096, 
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Whiting imported and entered for consumption in the United States, 1867 to 1884 incl1'sive, 
Fiscal years ending 
· June 30-
1867 .•.• •• .••.•........ .... . 
1868 ·•·•········ ..• . ········ 
1869 ····•······· ........... . 
1870 ··· ···• ·· ······· ....... . 


























Fiscal years ending 
June 30-
1876 ..•••.••............ "' 
1877 ·••·•••••· .•........... 
f878 ••··•· .•.•... ··· -· . . ... 
1879 ..••...•••...•......... 
1880 .... ••.... ···•·· ...... . 
1881 .~ ••••.••.............. 
1882 ..•..•..•......•....... 
1883 .............•....•.... 






















Paris-white, ground in oil, imported and entered for ·consurnption in the United States. 
Fiscal years ending 
June30- Quantity. Value. 
Fiscal years ending 
June30- Quantity. 
Pounds. Pounds. 
1872 .... .................... 596,762 $3,279 1874 ..•••.. ·••••··•···•·•·· 51,939 
1873 ••...•.••...••...•...••. 10,502 486 1875 · ···•· ··•··· ·••••••···· 22,627 
Exports of chalk. 
Fiscal years ending June 30- Unmann· Manufact-factured. ured. 
I 
mi~:::::::::::::::::::::::::::::::::::::::::::::::::::::·::::::: ..... !~·. ~~~. · ·· · · ii,-594. 
1876 ..•..•••••..•.•••.•••• ••••••·••···••·•·••··•···•·••··· ········ .•.. ..•.. . .. 440 
1878 .....•.•.••..••.•..••••• ·••••••••·•••••• .......••••. ·••···•··· 69 ........... . 
1880 . . • . . • • • • • . • • • • • • • • • • • • • • • • • • • • • . • . • . . . • • • • • . • • • . . . • • • • . . • • • • . 301 664 
1881 . . • . • • . • . • • • . • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • . • • . . • • • . . • • . . . . . . . 1081 958 















BY DAVID T. DAY. 
Occurrence.-A.lthough the different varieties· of feldspar occur very, 
widely distributed, as constituents of many crystalline rocks (granite, 
syenite, felsite, gneiss, etc.), the occurrence becomes quite limited when 
only those deposits are considered which are applicable to industrial 
purposes. For among the feldspars ortboclase alone has a commercial 
value, and this can only be used where it is found in large masses tol· 
erably free from other mineral!:,. In the United States, Maine, Massa-
chusetts, Connecticut, New York, Delaware, Pennsylvania, Maryland, 
and Michigan have furnished orthoclase for use in pottery. In Maine 
the feldspar quarries at Edgecombe, Lincoln county, and Brunswick, 
Cumberland county, contributed to the supply for 1883 and 1884. Feld· 
spar is also found in many deposits, some of which are quite extensive, 
near Brunswick. It is found at Topsham, Sagadahoc county, and at 
Georgetown, Lincoln county, Maine. In Massachusetts a deposit is 
mined in the southwestern part of the town of Chester. In New 
York there are quarries at Fort A.nn, Washington county, and at Tar-
rytown, Westchester county. Connecticut furnishes a large part of 
the total supply from deposits at South Glastonbury, Hartford county, 
and Middletown, Middlesex county. In Pennsylvania an important 
deposit is worked at Brandywine Summit, Delaware county. The de-
posit extends northeast and southwest in the form of a vein about 60 
feet deep and 50 feet wide. In Delaware a very pure variety of feldspar 
is founu, and mined, at Tucker's quarry and Hokessin pits, New Castle 
county. While the amount mined in this locality is small, it is of ex .. 
ceptional purity. These sources combine in furnishing feldspar to all 
the potteries in the East, and so far as can be ascertained no feldspar 
is mi!1ed anywhere else except near Humboldt, Marquette county, Mich-
igan, where operations have lately been commenced. 
Amount mined.-In 1883 the total output for the United States was 
14,100 long tons. In 1884 the output was reduced to 10,900 long tons. 
The following table shows the production for the . several States in 
which it was mined: 




t~i;b:i~~:~~::: ::: : ::: : : : : : ::: ::: : : : : ::: ::: : ::: : ::: : : : ::: : ::::: :~::::: :: : : : : :: ggg 
New York............................. . ...................................... 500 
Dl'lawa10...... ..... . ...... ...... ............ ....... ................ ....... .. 900 
PonnBylvania. ... . . .•. ... ...... ..•. .• .••... .•.•.•. ••••.. ....•. ••••.• .••. ... . . • 13,000 











934 MINERAL RESOtJRCES. 
Value.-A small amount of very pure feldspar mined at Hokessin, 
Delaware, is used for making artificial teeth; it has a spot value of $40 
per ton. Thirty-five tons of such feldspar were mined in 1883 and 1884. 
The ordinary grade of feldspar is worth $5 per long ton delivered on 
board vessels in the condition in which it is taken from the ground; 
when pulverized it is worth from $10 to $12 per short ton. This would 
make the value of the total supply for 1883, $71,112; and for 1884, 
$55,112. 
lmportations.-Small amounts of feldspar are imported, as will be 
seen by the following table: 
Feldspa1· imported and entered for cvnsuniption in the United States, 1869 to 1884 inclusive: 
Fiscal years ending .Tune 30- Value. I Fiscal years ending .Tune 30-
1-8-69-. -- - - -. --- --- --- .- . -.. -•. -.. -.. -. -.. -.. -.. -.. -. -.. -.. -. I· --$-55-1 1 1877 ... ... ...... - .. .•........... - .. - ... . 
mt:::::::::::::::::::"::::::::::::::::: 2~i I liit:::::::::::::::::::::::::::::::: ::: 





Utili~ation.-The use of feldspar in pottery depends upon the fact 
that it will fuse at a very high temperature. - The best porcelain 
consists of a mixture of infusible clay and feldspar; by su~ject-
ing this to very powerful beat the feldspar fuses aud forms a cerl?ent 
for tbe clay. When feldspar is used in this way it is said to form a 
part of the "body" of the ware. rrbe amount of feldspar so mixed with 
the body of porcelain is only sufficient to hol<l the clay firnily together. 
The mass is porous and requires a smooth coating of some fusible sub-
stance called a "glaze." The best substance for such a glaze is feld-
spar, becau e it forms a smooth surface which is very hard and resists 
the action of all nbstances exceedingly well. It is used as the glaze for 
the b t kinds of porcelain, such as that made at Sevres. It would be 
u ed generally except for tlle high temperature necessary for its fusion, 
and there are many other kind of glaze which will fuse more readily. 
Feld par i userl in le s quantit.v than any other constituent of pottery, 
particularly in tbi country, and the proportion varies according to the 
exact nature of the clay mployed. The proportion us('d by each manu-
facturer depend upon ome recipe which be has found most suitable 
for phe temperatnr and other conq.itions under which be works. Be-
id the u e in pore lain manufaeture, feld par i also u ed in more 
omrnon grad of pottery, and here also a manufacturer alway clings 
to om arbitrary prop rtion which he has found valuti.bl . \ ith the 
p ' n increa ing t n lency to manufacture better grade of pott ry, 
a h wn y th n w ki~d. f porcelain mad at Trenton, Daltimore, 
ncl in ·inn, ti, and the u e of high rt rnperatnres in the c vott rir, it 
· m.· pr abl tha th con umptiou of fel<l,·par will incr a!-)< : mark •clly 
ithin h n xt fi year . . 
LITHOGRAPHIC STONE. 
Lithographic stone is found in the following localities in the United 
States: Talladega county, Alabama ; Kern county, California; Illi- . 
nois; Anamosa, Jones county, and Van Buren county, Iowa; near 
Elizabethton, Hardin county, Estill, Kenton, Clinton, Rowan, and 
Wayne counties, Kentucky ; Saverton, ~alls county, Missouri; Olay 
and Overton counties, Tennessee; Llano county, Texas. 
As was stated in '• Mineral Resources. 1882," page 595, lithographic 
stone .is not as yet quarried to any con~iderable extent in the United 
States, although stone of inferior quality is found in many localities. 
The points in which the American stones fail in satisfyiJ}g the require-
ments of the lithographer's art are there fully stated. Generally speak-
ing this inferiority is due to ·one or more of the following characteristics: 
The stones are harder, heavier, more siliceous, and consequently more 
brittle, coarser-grained or less uniform in texture th an the stone from 
So1enhofon. The fact too that few, if any, American stones have been 
found in layers, but require to be sawed into slabs of the requisite 
thickness, is a serious drawback. Much of it is seamed with quartz. 
veitrn or stained with iron. It should be added that small samples 
from s~veral localities have been tested and found eqµal in most, if not 
all, respects to the Bavarian stone, and with deeper quarrying it is 
quite possible and even probable, that merchantable quantities of ex-
cellent quality may be discovered. In spite of the inferior quality of 
the American stone there would probably be a large demand for it for 
cheap work, transfers, etc., were it not for the difficulty experienced 
in obtaining it in large slabs, owing to its want of cleavage. As it is, 
there is very little of it on the market. 
The supply of lithographic stones at Solenhofen continues to decrease, 
and the price to increase. At present it is very difficult to obtain any 
of the best quality· of tbe blue-gray stone here, as it is monopoliz.ed in 
Europe. The prices in 1884 were as foUows: For blue-gray, double-
faced stone, G to 24 cents per pound; for yellow stones, double-faced, 
1½ to 12 cents per pound; the price varying with the size of the slab 
and the quaUty of the stone. 
With the decreasing yield of the Solenhofen quarries, and the con-
stantly increasing demand for the stone, it becomes more and more 
certain that the ~merican stone will be b'rougbt into the market, or 
93& 
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that some substitute for lithographic stone will be discovered or in. 
vented. Already zinc plates are in use for the commoner grades of 
work, while an artificial deposit of carbonate of lime upon zinc plates 
is being introduced. It is very possible that the latter may superMde 
lithographic stone entirely. 
The imports o~ unengraved lithographic stone during late years have 
been as follows : 
Lithographic stone imported and entered f01· consumption in the United States, 1868 to 1884 
inclusive. 
Fiscal yea.rs ending June 30-
1868 . .••••...•..• ~ .. • ...••..••....••... ~. 
1869 . . • . • .. ·••••·••·••··••·•••·•··••··• •· 
1870 ...•..••... ·••••••••·••••···• • ····•·· 
1871. ..••.•••...••.••••..•••••..•....• . .. 
1872 ...•..••.•••..••••••..••...•...... . . . 
-1873 ..••..••..•••.•.••.••••••.........••. 
1874. ···••· .•••.• ••••••.•• : ••.. • ..•••. • .. 











Fiscal years ending June 30-
1877 .•••.•••.....•••••.••••......••... _ •. 
1878 ••••.•.•.• . ...•..••.... . •••..•...... 
1879 ...•.. ••.•••.••••.••••...•.••...•... 
1880 .•.•..••••.•••••.••••.. ~ .•••••..•••. 
1881. ....••••••.••••••.••.••••.•.••..•.. 
1882 .••••... •••..••••.••••••••••..•••••. 
1883 .• • ••••••••.•••••••••••.•••••••••••. 










AS PH ALTUM. 
Occurrence.-Aspbaltum is produced in the United States in m~r-
chantable quantity in California only, though dccurrences are reported 
in various other parts of the country. The principal localities of occur-
rence in California are described in detail by Professor Hilgard in an 
accompanying paper. It is reported also in West Virginia and in west-
ern Colorado. For many years most of the asphaltum consumed in 
California was obtained from the deposit near Carpenteria. In this lo-
cality the deposit is very heavy, and is situated imm~diately on the ocean 
beach, convenient to a shipping point, but, as the mineral is rather im-
pure, and as most of it bas become indura.ted througl! the escape of the 
more volatile portion, thus causing trouble in breaking it out~ other 
beds have come to be worked more extensively, while work upon this 
has decreased. At the Rancho La Brea, 7 miles west of the town of Los 
Angeles, the deposits cover a large area. Most of the asphaltum here, 
as at Oarpenteria, is of so low grade that it has to be melted and sepa-
ted from its impurities before it can be used. That obtained in Santa 
.Barbara county, as well as that at the Corral de Piedra and at Sargent's 
ranch, is of better quality, though at the latter locality the deposit is 
not very extensive. The deposit at Sulphur mountain covers many 
acres, with a depth varying from 5 to 20 feet, and the dep9sit is in a 
constant state of enlargement. 
The consumption of asphaltum in California is at the rate of 2,500 
short tons a year, an amount which represents very nearly the quantity 
taken from the beds, very little being exported from the · State, that 
little being to British Columbia, Oregon, and Nevada. Tlie total is 
perhaps 3,000 tons. The price of crude asphaltum in San Francisco 
ranges from $9.50 to $13 a ton. 
Foreign sources.-All the asphaltum used in the East is imported, 
mainly from the island of Trinidad, on the coast of Venezuela. A 
smaller, but still considerable, amount is imported from the Val de 
Travers, Neuchatel, Switzerland, and a small amount from Cuba and 
Germany. The Trinidad deposit, known as the" Pitch lake," occupies 
a small depression on the highest part of the island, and covers about 
100 acres. Near the margin the asphaltum is solid, or nearly so, grad-
ing off to a viscous liquid in the center, where it reaches a temper-
ature of several hundred degrees centigrade. The crude Trinidad 
aspbaltum contains from 30 to 33 per cent. of water, the remainder being 
made up of 52 per cent. bitumen and 48 per cent. of earthy matt~r. 
The cost of crude Trinidad asphaltum in New York in 1883 and 1884, 
was $11.50 a ton, and of refined asphaltum, $23.50. 
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The deposit at Val de Travers, Switzerlancl, ·known as asphalt rock, 
consists of limestone uniformly impregnated with bitumen. The price 
of this material, ground and ready for use in New York, is $18 a ton; 
and asphalt mastic, which is asphalt rock with an addition of refined 
bitumen, costs $22 a ton . 
.Asphaltum imported and entered for consumption in the United States, 1867 to 1884 inclusive. 
Fiscal years ending J" une 30- Quantity. Value. Fiscal years ending J" une 30- Quantity. Value. 
Pounds. 
1867 ......................... ..... ....... . 
1868 ....•..•••....••.... ·•··· · 
1869 ......................... . 
1870 ... ........ .............. . 
1871. ..... . ... ······ ······•··· 
1872 .................... . .... . 
1873 .......................... . 
1874 ............ , ...... ······ · 



















1876 . . . . . . . . . . . . . . . . . . • . . . . . . 1, 618, 090 
1877. . . . . . . . . . . . . . . . . . . . . . . . . 9, 063, 771 
,1878. . . . . . . . . . . . . . . . . . . . . . . . . 10, 952, 515 
1870, ...................... ·· 1 16,167,142 
1880 . . . . . . . . . . . . . . . . . . . . . . . . 38, 659, 802 
1881. . . . . . . . . . . . . . . . . . . . . . . . . 25, 765, 530 
1882. . . . . . . . . . . . . • . . . . . . . . . . . 80, 030, 487 
1888 .. . . . . . . .. . . . . . . . . . . . . . . . 66, 231, 425 










Uses.-Asphalt in its various forms is used for a great variety of pur-
poses. The principal among these, however, are paving of streets and 
sidewalks, floors, walls, and roofs of buildings, and for lining cisterns, 
pipes, etc. Its use for pavements is increasing at a very rapid rate. 
For this purpose Trinidad asphaltum, after being refined, is mixed with 
crude petroleum oil in the proportion of 100 parts of asphaltum to 5 or 
~O of oil, giving what-is commonly known as aspbaltic cement. Of this 
1 ~ to 15 parts are mixed hot with 83 to 80 parts of fine sand and from 
1f> to 5 parts of powdered carbonate of lime. Upon a foundation formed 
or eement, mortar, or concrete this mixture is laid in two coats. The 
tir:-;t contains a higher proportion of asphaltic cement than tbe second 
or surface coat, which is put on at a considerable temperature, and, 
after being du ted over with hydraulic cement. the whole is rolled with 
liea\·y steam roller . The Neuchatel pavement is made simply of the 
grournl eucbatel rock, laid hot upon a foundation of concrete or other 
• imilar material and rolled wjth steam roller, . Asphaltic mastfo is 
n~ <1 for floor and roofs of :fireproof buildings, etc., as it is more last-
ing- thau imple asphalt rock. 
THE ASPIIALTUM DEPOSITS OF CALIFORNIA. 
BY E. W. HIL(c-ARD. (a) 
p troleum·b aring formation of California, presumed to be ~of 
l\lio · ne T rtiary ag , embrace the main body of the Coast range 
ar nn<l ~ ud outh f an Franci co bay and ,·outhward at lea t to Ana· 
the writ r, a.t he request of Mr. H nry Villard, undertook the xplora· 
tio11 of tli .t ·phaltnm d po it of Ca1ifornia, with a view to a certaining their utli-
·i n 'and atla.pt• hility to ·ertain techr..ical u s then iu cootempfa,tion. 'I.'he r ult 
obtain in this exploration are now given to the public by permission of Mr. Villard. 
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heim, Los Angeles county. Northward of the bay the predomfoant 
materials of the formation are clay shales or siliceous shales. Within 
the petroleum region sands more or less consolidated, alternating with 
ledges of calcareous sandstone and claystone, prevail. Indications of 
bitumen are reported to have been found as far north as Cape Mendo- __ 
cino. · It has been reached by the auger near San Pablo, Alameda 
county, and more abundantly in Santa Clara county, southward of San 
Jose. Thence southward the indications of bituminous deposits con-
tinue, mainly in the land ward portion of the Coas-t range, so that oil in 
more or less satisfact_ory quantities has been obtained at numerous 
localities along the western border of the San Joaquin valley. It is 
, not, however, until we approach the latitude of Santa Barbara county 
that the petroleum-bearing strata are found above the ordinary level 
of the country, when by the oozing ou1i and partial evaporation of the 
oil they give rise to e:;tsily accessible deposits of asphaltum. From the 
Cayamas river southward the bituminous beds often appear on the sea-
shore, and petroleum springs even indicate their position off shore at 
several points. 
While the process of subaerial evaporation, however, produces the 
arger and more striking portion of the asphaltmn beds, the mineral 
occurs also under other conditions, pointing to distillation by subterra-
nean heat as the chief factor in the process of cou~olidation. Some-
times, again, the two modes of formation are combined so as to render 
it difficult to define the exact limits within which each of the two has 
acted, although ordinarily even hand specimens bear the unmistakable 
evidence of their origin. 
The practically important asphalt deposits of California, lie within 
the counties of Santa Barbara, Ventura, and Los Angeles. The first 
and last named furnish ·alone thus far the commercial supply ; but it is 
in Veutura that the oil-bearing formations, as well as the processes 
active within them, can best be studied, and this part of the region 
will therefore be first considered. 
Ventura county. - This county is traversed almost centrally, from 
northeast to southwest, by the Santa Clara river, which heads in the 
San Fernando and San Gabriel ranges, on the southwestern border of 
the Mojave desert. Not far from where the river .emerges into the open 
country, on the line of the Southern Pacific railroad, lie the productive 
oil wells of Newhall, which have lon·g supplied a considerable proportion 
of the consumption of mineral oils on the Pacific coast. Only a few 
miles away from this locality a small surface deposit of black asphalt 
appears at an elevation probably a thousand feet above the valley. 
Lower <).own we come to the well known fl.owing well of Sespe, located in 
n, i--mall side valley to the northward, and bored to the depth of several 
hnuclred feet; and here again we hear of asphalt deposits "away up 
t lie hills." Since in this region the strata are not greatly disturbed, it 
a1)pearn that there are at least two petroleum-bearing levels, a thousand 
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feet or more apart, of which the lower seems throughout to be the 
more prolific in oil, while the upper one is the source of innumerable 
local outflows, usually of thick, blackish-green oil, which upon exposure 
to the hot sun of the region gradually hardens into solid asphaltum. 
Next below the valley of Sespe, that of Santa Paula comes into 
the main valley from the northward. It forms the eastern limit of 
the mountain inass known as the Sierra del Azufre, or Sulphur mount -
ain, also now commonly called the "Petroleum range," which abuts 
on the sea beach near 'the town of San Buenaventura, making a length 
of 16 miles; while the average width between the main Santa Clara, 
valley and that of Ojai on the north is about 7 miles. This range 
forms the connecting link between ibe Santa Inez mountains, reach-
ing in from Santa Barbara, and the Sierra San Fernando; and it is 
the chief region of occurrence of the "brea" in the county. Its rocks, 
consisting of the usual sands, with intercalated ledges of a cavern-
ous calcareous sandstone, are almost undisturbed, with a slight dip 
northward into the Ojai valley. Hence, while there are a few patches 
of "bre.a" on the southern slope, by far the greater outflow takes 
place on the northern, acquiring a development which ~oth in kind 
and apparent quantity is unusual and impressive. The thick oil or 
pitch oozes or flows out at a level several hundred feet above the val-
leys, in the beads of tbe ravines, and thus forms surface deposits ap-
pearing as walls or terraces along the slopes, or else, most commonly, 
glacier-like masses moving slowly down the ravines and partly solidify-
ing into rock-like masses on the hillsides or where a break in the sur-
face occurs; partly lying in the huge cakes a foot or two in thfokness, 
on the more level portions; or :finally, forming lazy streams in the beds 
of rivulets that, in the wet season carry a regular current of water, but 
during the dry and warm portion of the year exhibit delusive reflecting 
surfaces of shining tar, generally mingled with a little calcareous water 
which Rerves to delude all kinds of living creatures into the belief that 
they may there slake their thirst.. Thus gophers, moles, squirrels, rab-
bit , all kind of bird, from the buzzard and hawk to the canary, as well 
a all kinds of in ct , are continually falling victims to this delusion, 
and may be found ju t caught or completely submerged, as the case 
may be, in the pitiles vi cid mas , which rarely releases a victim once 
touched. The frequent occurrence of the bones of lambs and calves on 
the apparently olid surface prove that these, and sometimes even 
their Id r , are not safe from harm on the treacherous ground. Even 
mankind ometime find it difficult toe cape tlle grip of the pitch with-
out at 1 a t the lo· of boot or shoe. The calcareous water incru ts 
tem and le 
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at some points as mucb as 15 feet in tliickness. It need hardly be ex-
plained, however, that these masses are far from being pure, having in 
their descent picked up every movable object, from sandstone bowlders 
to small gravel and sand, sticks and leaves, small tree trunks and frag-
ments of larger ones, as well as, invariably, a misceilaneous collection 
of animal bones in great variety. The popular estimate of the amount 
of material to be found in these localities is, moreover, greatly exagge-
rated by the large surfaces that on the mountain sides are often cov-
ered only with a thin sheet of the hardened pitch, yet appear like solid 
masses of available asphalt. These circumstances, and the extreme 
irregularity of the scattered deposits, render it extremely difficult to 
make any close estimate of the amount of actually available material. 
According to the best information I have, about ten acres of ground, 
covered to the depth of from 2 to 3 feet with the crude mass, lie within 
8 miles of San Buenaventura landing. Thence up the lower Ojai val-
ley nearly every ravine for 8 miles affords a larger or smaller deposit 
of similar material, representing in the aggregate a very large supply. 
At a point about 16 miles from the seashore there is quite a sudden 
ascent of some 500 feet from the lower to the upper Ojai valley, and 
here the level from which the tar flows is reached. Terraces of asphalt 
appear at a certain level on every hillside, generally originating in a 
more or less copious spring which may or may not still be :flowing--i..in 
many cases doubtless obstructed by its own products. At one place 
there is in a cultivated field a caldron about 10 feet -in diameter, filled 
with bubbling tar and water; the bubbles consisting of carbureted 
hydrogen. From tbis spring a stream of tar has flowed in the bed of a 
creek for some 600 yards, creeping along lazily under the sunshine by 
day, resting at night, and occasionally forming a sluggish cascade of 
stringy tar over some ledge or break in the ground. From the semi-
fluid tar to the hard but somewhat cellular asphalt there is every shade 
of transition in these deposits of the upper Ojai; and I estimate that 
within the Rancho Viejo, on the Ojai sidP. of the divide, the deposits 
covered about six acres of ground, the average thickness being not less 
than 2 and perhaps as much as 4 feet. 
From th~ eastern end of these deposits the drainage is toward the 
Santa Paula valley, and here, :flanking the valley of Seesaw creek, is 
the largest of the deposits in the region. For quite half a mile the 
southern mountain side bears huge terraces of black ashpalt, over which 
the black oil and tar ooze in constant streams, some of them overflow-
ing tbe roadway so as to submerge the felloes of the wheels; at one 
point the latter run on a natural asphalt pavement for about 30 yards. 
The quantity of material here must be estimated by the 100,000 tons, 
and certainly not less than a million tons occur within the three miles 
between this place and the ascent from the lower Ojai valley. The 
country rock being mostly a brittle clay shale, its fragments are often 
plentifully mixed with the asphalt; but abundance of measurably pure 
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material could be selected, and the impure portions would serve as fuel 
for the eliquating process of purification. 
Near these heavy deposits the oil-bearing stratum appears to cross 
over to the .north side of the valley, for as we descend eastward the 
glacier-like m3sses of '' brea" lie in the ravines on the northern side, 
and another bubbling caldron of black tar and water occurs close to the 
road. A well bored close to it flows thick oil at the rate of about six 
barrels per day. Similar wells have been sunk at several points in the 
Ojai valley, generally to the depth of between 200 and 300 feet, bnt 
none of them have yielded paying quantities of oil. The best yields 
and the lightest oils have been obtained in wells sunk on the plateau 
of the" Sulphur mountain," evidently into the stratum that furnishes 
the ooze toward the Ojai and Seesaw valleys. 
The largest deposit on the Seesaw is about 20 miles from San Buen-
aventura via the Ojai valley, and about 6 miles from Santa Paula in the 
main Santa Clara valley, whence the distance to the coast is 16 miles. 
The retort assay of representative specimens from two localities gave 
the following results : 
ABBayB of aBphalt from uppe;r Ojai and SeeBaw canon terraces. 
No. 1. Upper No. 2. Seesaw 
Ojai, Rancho canon ter-
Viejo. races. 
Per cent. Per cent. 
Volatile mattor . __ .. __ ... . 35. 8 39. 0 
Carbon .. ... . . . ··-········ 28. 2 21. 0 
Ash (gravel, debris, otc ... 36. 0 40.0 
- -100. 0 100. 0 
No. 1 is a hard vesicular asphalt from hillside deposits on the Rancho 
Viejo, upper Ojai valley. Scarcely softening in the sunshine ; fracture 
partly dull, partly lustrous; sometime drops of tar in cavities. Melts 
fully, and require a high temperature to drive off the oil, which is 
thicki h. Coke hard, difficult to burn. Supposed average of about 6 
acre · covered by scattered depo ·its. 
No. 2 i a hard ve icular a phalt from terraces on mountain sides in 
See aw canon, near the Ojai divide. In heating, behaves much like No. 
1; in the a h there are many visible fragments of clay shale. 
It i obviou that the material from eitber locality would answer well 
for all th ordinary u e of a 'phalt without further treatment. Better 
mean of tran portation would, however, be needed to enable them to 
c mpet in commerce with more favoreu localities presently to be 
noti · d. 
Los ngeles coimty.-Of the a. ·phaltum depo it of Lo Angele county 
th mo· not cl, and the one thus far mainly worked, i that locat don 
th Pan ·ho .d 1: Br ·a, 7 mil we t from tb city of Los Angeles and 9 
mil fr m aut· lonica landing, but within 2z miles of the Santa 
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. Monica branch of the Southern Pacific railroad. This ranch forms pa.rt 
of the undulating mesa land lying at the southern foot of the Sierra 
Santa Monica, and at this point elevated probably about 350 feet above 
tl:te sea. · " Outcrops" of asphaltum extend here over an area of about 
80 acres, forming the main body of a low ridge. On this area there are 
numerous springs and small basins from which tar, water, and gas flow 
more or less constantly, and around each of these outflows a mushroom-
shaped mass of solid asphalt has accumulated, which is frequently con- · 
tinned into radial :fissures in· the soil. The smaller masses of this kin<l 
are called " chimneys," and often yield tons of the purest mass, such as 
that represented by assay No. 3, below. 
There are, however, three large bodies of asphalt, evidently filling 
deep basins originally constituting tar lakes, but now solidified by the 
evaporation of the lighter oils. The mineral is therefore hardest on 
the surface and beco·mes softer ~s the depth increases. Sometimes the 
body shows no visible impurities for several yards, but more generally 
more or less fragments or' the country rock (a soft shaly sandstone), 
gravel, and an extraordinary number of animal b~nes, are mixed in . .At 
some points are found masses of regular bone conglomerate cemented 
by asphalt; at others, and eRpecially in the most northerly of the . three 
bodies, there is a hard material of rough, gritty fracture, an asphaltic 
sandstone(" rock asphalt;" see assay No. 4). This, as well as the hard 
surf~ce material referred to, is not used for re.fining, as both require too 
high a heat for eliquation. 
At the time of my visit only the largest and most southerly of the 
three bodies was being worked. The " old pit" within this mass was 
about 100 by 300 feet in area and 30 feet in maximum depth, but the 
lower limit of the deposit had nowhere been reached. MoreO\-rer, the 
largest portion of the unavailable matter-rock, gravel, and aspbaltum 
conglomerate too poor for refining-had been dumped in the pit itself, 
and the extraction being carried on by gangs of Chinamen in the most 
primitive manner the working face was largely covered by tJJe refuse 
dump1 which had evidently been moved back and forth a number of 
times, and made such · wild disorder that it was not easy t'o gain a, 
definite idea of the nature of the walls. The foreman estimated that 
an average of about 50 per cent. of the crude material mined was ob-
tained in the shape of " refined" mass, but the analysis of the latter 
given below (No. 6) shows how imperfect was the process of eliquation. 
The latter was performed in large cast-iron pans, about 8 feet long by 
3 feet wide and 2 feet deep, set in rough stonework, and heated by 
means of the refuse mass. The crude material is piled in and the melted 
asphalt gradually collects as a purer layer between the " settlings" and 
"skimmings," the latter being the lighter gravel, man bones, etc., 
which collect on the surface and are skimmed off, after which the molten 
mass is ladled out into rough molds which form it into brioks ranging 
in weight from 50 pounds upwards. The Chinamen were paid $3 per 
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ton of refined product. So far as ascertaiLable, about 15,000 tons of 
such "refined" asphalt had be.en taken from the "old pit" up to that 
time. From surface indications I estimate that this main body extends 
over a surface of not less than 8 acres. The downward limit has nowhere 
been reached. About 150 yards to the westward of this main basin 
there is another, covering apparently about 2 acres of ground. This 
- has been dug into to a depth of about 15 feet; it consists largely of 
"rock asphalt" (No. 4), with occasional" chimneys" of very pure mass. 
About the same distance to the northward of the main basin is 
another, covering about 5 acres, so far as visible. Here the surface 
material is so h~rd that it has been blasted and used as fuel in distil-
leries at Los Angeles. lt becomes softer as the depth increases, but 
had not been penetrated to more than 6 feet in depth. In one of the 
pits on this bed a spring of water was struck. 
1t may safely be estimated that about 15 acres are here covered to a 
mini.mum depth of 30 feet with asphaliic materials which have evi-
dently welled up from below, filling fissures and depressions and per-
meating whatever material came in the way of the fluid mass, and 
forming attrition-conglomerates of all kinds and degrees of :fineness, 
besides swallowing up, while in the liquid or viscid condition, a large 
number and variety of animals whose bones ahound everywhere. 
Small beds of asphaltum exist two miles to the eastward of this 
locality, underlaid by a sandstone ledge dipping 30° due west. The 
dips, however, are very variable in the region. 
Assays of the several materials resulted as follows : 
Assays of asphalts from Brea rancho, Los Angeles county. 
Volatile matter ------ --·· ................... . 
Carbon.··-·····-· .................... ··-· ... . 
Ash·-·-···-·································· 























No. 3 i "mas "from a fissure vein near a chimney; it hacl been 
ackecl and, having been expo ed to sunshine, had run together. Brit-
tle, with lu trou conchoidal fracture; fuses ea ily, and has to be 
h at d very carefully in order not to froth over. Coke light and easily 
burn d. 
o. 4 i rock a phalt from the mass westward of the '' old pit," ta.ken 
fr m a out 3 fe t depth. Fuses completely, but at a much higher tem-
p r tur than o. 3, and cli till off oil at a high temperature only. Very 
b r , and of rough, dull conchoidal fracture. 
i. h rd a:phalt, ..:ar ly oftening in the un; fracture partly 
dull, p rtlv 1 tr u , mor or l ve icular, the cavities sometimes 
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filled partly with fluid tar and lower down with water. Fuses fully 
at a high temperature, and requires high heat to drive off the oils. 
Coke hard, vesicular, difficult to burn. 
No. 6 is refin~d asphalt, from material taken chiefly at or near the 
bottom of the "old pit," 30 feet below surface. Ra,w material much 
mixed with bones, but resinous-lustrous on the fracture. Melts readily, 
flows very thinly, and gives off oils readily at a low temperature. 
There is in this county, near Anaheim, at least one other, but. much 
smaller, deposit of asphalt, which was personally visited. It occurs in 
a canon, and is probably of the glacier-like character so strongly de-
veloped in Ventura county. It has been used in making gas at· Los 
Angeles City. Other deposits are reported, but are probably of small 
extent and importance compared with that at the Brea rancho. 
Santa Barbara county.-In this county the indications of the presence 
of bituminous deposits are widespread, especially in -the eastern por-
tion; and doubtless the earliest report indicating their existence on the 
Pacific coast comes from the early navigators who passed through the 
" petroleum sea" in the Santa Barbara channel. The striking appear-
ance of the water, covered with .myriads of rainbow ~pots or unbroken 
sheets of color extending scores of yards and sometimes continued for 
15 or 20 miles, could not fail to attract the attention of the most casual 
observer, and was naturally interpreted as promising enormous quan-
tities of oil as the reward· of the enterprising searcher. The result ·of 
borings has not however corresponded to these high expectations, and 
the cause both of the alluring promise and of the relative failure be-
comes obvious on an examination of the oil-bearing formation of the 
region, which can be best seen on the beach near Carpenteria, about 
13 miles east from the town of Santa Ba:cbara; more especially at a 
point called Las Breitas in consequence of the occurrence of "brea" 
(bitumen). There is here a bluff bank rising about 20 feet above high 
tide; the upper part consists, below the soil, of soft shale and sandy 
mate.rial, while the lower 8 feet exhibit a stratum of moderately fine 
sharp sand., completely soaked with black tarry oil. The material is 
somewhat friable and is easily quarried with the pick; but it resists the 
waves like so much rock, and shoals of it appear to seaward for some 
distance out, causing breakers. The outcrop is traceable for a third of 
· a mile along the beach, and its minimum thickness is seen at low tide 
to be 12 feet. How far inland it extends is not known; but the pre-
umption must be that, as a member of the Tertiary in an almost undis-
tul'be<l region, the stratum underlies the coast hills about two miles 
inland. It is scarcely doubtful that it is the source from which the oil 
film of the "petroleum sea" are derived, partly tllrough the direct 
tbougb gradual expulsion of the oil from·the san<ly matrix by the supe-
rior capillary force of the sea water, partly from oil springs which are 
seen to rise from shallow depths in the channel between the mainland 
and Santa Rosa all(L Santa Cruz islands. 
2MR--60 
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The petroleum-soaked sand has in times past been distilled for oil and 
tar, but after the discovery of more ample supplies from bored wells 
this has been abandoned as unprofitable. The assay given below of an 
average sample from this locality readily explains this ab~ndonment: 
Assay of oil-bearing sand from Las Breitas. 
Volatile matter ·-···· ... . . --· .......... . 
1~tb,:a:n<i>::::::::::::::::: ::1::::::::::: 








·-------- - -~ ---------
It will be noted that nearly the whole of the tarry matter is volatile; 
the resulting oil is very liquid and light colored. 
Occasional signs of bituminous beds are seen on the beach toward 
Santa Barbara and wells barn been bored for oil at several points, but 
with only limited success as to quality ; the oil evidently si~ply oozing 
in from sandy materials like those on Carpenteria beach. No asphaltum 
deposit of any importance, however, is found eastward of the town of 
Santa Barbara, nor westward until 6 miles away, the Rancho de 
Las Galetas is reached, on a low plateau which falls off steeply into 
the sea. Here a blook mass of asphaltum, more or less mixed with 
sharp sand, forms· what appears to be a genuine fissure vein or dyke, 
in the face of a bluff bank about 50 feet high, the foot of which is 
washed by the surf. The mass is about 3-0 feet in average thickness, 
and appears to dip eastward at an angle varying from 40° to less than 
30°, or more probably at a somewhat steeper angle, 150 to 200 north of 
east. At the top of the bank, beneath the soil stratum, it measures 
only about 25 feet acro8s, but increases to 35 feet at the water's edge. 
There it run out for ome di tance into the sea as a rocky ledge, much 
of which bas been quarried away, but whicb evidently would have re-
si ted the urf indefinit ly. Ea tward the bed seems to continue some-
what irregularly, almo t horizontally along the beach, for some 600 feet 
from the westward outcrop. It is stated that in winter, when the 
quarrying i chiefly don , and outhern storm. lmve swept away the-
andy beach, the olid material may be een to form the sea-bottom for 
ome distance out, and mo t of what i , 'hippe<l. i , preferably quarried 
from th e lower le l at l w tide. What app an; to be the land ward 
ontinuation of th bed ha b en truck by tbe plow about half a mile 
inland. But np_po ing the depo it to conti11uc in that direction only for 
th am di 'tance to which it i, een on th beach l300 feet), and that 
er ge thickn i 30 f t, om 140,00 ton of the material may 
n i 1' d to b in ight. 
mall fi · ur v in , ·tly ·ompo.· d f purer, and .·om times of 
ub. t nc , run out fr m t11' main ma , at numei·-
ASPHALTUM. 947 
ous points, and are visible in the face of the bluff for some distance be-
yond the GOO-foot limit assumed above. Moreover, it is stated that the 
yea,r before the ca'\'iug away of a bank about half a mile below the 
great bed disclosed a "pocket" of very good asphalt, ·from which some 
40 tons were shipped. On the whole, therefore, the probabilities that 
a Yery large supply cau be obtained in this vicinity are very great. 
Tile character of the main mass here is, on tbe whole, rhost nearly 
like that of the "rock asphalt" from the Brea ranch, described above, 
only the asphaltum is softer and more oily, and yields· in di~tillation a 
more fluid oil. There is nowhere any appearance of stratification or 
even segregation into sheets, but it seems as though the whole had 
been injected from below as an almost uniform, soft, doughy mass, 
which in places carried with it horses of san_dstone, which themselves 
are often traversed by a network of veinlets carrying pure shining 
pitch, apparently injected under considerable pressure. The fracture 
is roughly conchoidal, and the material is quarried with some difficulty 
by means of wedges and sledges. 
The rock overlying the asphaltum is mostly a soft, sandy shale, easily 
dug away with the pick; the floor stratum is similar. Occasionally 
there occur in it bard, flinty nodules, which appear to be characteristic 
of the petroleum-bearing formation of Ventura also. 
Assays of the several kinds of material found here gave the follow-
ing results : 
ABBayB of asphaltum from the GaletaB bed. 
::'.fo_ 8, lower No. 9, pile on No.10,pur-
portion. wharf. est veinlet. 
Per cent. Per cent. Percent. 
I Volatile matter .. . . ___ ....... 23.1 32.8 40. 2 
Carbon _ . .. __ _ .. . .... __ -···- · 6.0 10. 4 11.7 
Ash (sand) . ___ · ···-··--····- 70. 9 56.8 48.1 
I --100.01 I 100. 0 100. 0 
It will be observed that the bitumen in these samples contains much 
less carbon than is the case in those from Ventura, and to a less extent 
in those of Los Angeles. But while the bituminous ingredient is more 
fusible and oily, there is in the raw material a larger proportion of 
~, ash." No. 8 iR really a bituminous sandstone ; it softens but does not 
melt, the fragments almost retaining their form. No. 9 melts fully, and 
is esteemed a very good material for roofing, pavements, etc. No. 10 
becomes very liquid. The distillate from all is very fluid and volatile. 
This locality supplies most of the asphaltum used in San Francisco 
and in 1878 1,500 tons were shipped, the price, delivered at the city 
ranging from $15 to $20, according to quality. A short wharf enable~ 
deep-sea vessels to load close by. · 
Other deposits of asphaltum are reported as occurring far inland, on 
the waters of the Santa Maria and Cuyamas rivers, in the northern part 
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of the county, as well as in the adjoining county of San Luis Obispo. 
These are probably of the same charncter and origin as those of Ven-
tura; and that the oil-bear:ing strata occur there also at a high le:vel 
appears from the fact, lately publishe<l in local papers, that Solomon's 
peak, a prominent mountain of that regio11, was smoking and. apparently 
threatening to develop into a volcano. The samples of rock obtained · 
from this locality are precisely the same Roft sandstone elsewhere seen 
in connection with the aRphalt beds, but burnt brick-red, and in places 
fritted considerably from exposure to a high heat. The writer was there-
fore able to reassure the population as to the probabilities of an im-
pending volcanic eruption. Quite a similar case occurs on the coast 
between San Buenaventura and Santa Barbara, where a hig;b cliff has 
for years been smoking a~d steaming, and from the prevailing tawny 
yellow has been baked to a bright red. The fire, doubt.less originating 
from the annual burning of pastures, has reached the high-level oil-
beariug strata, and the combustion thus started has continued for 
years. As the country is more thickly settled, such cases will doubt-
less become mol'e frequent. 
It will be noted that the mode of occurrence of petroleum and asphalt 
in the California Tertiary is quite similar to that observed in Louisi-
ana(ti) aud adjacent portions of Texas. There also it is the sandy Ter-
tiary strata immediately overlying the Cretaceous (but decidedly of 
Oligocene age) that give rise to numerou · oozes and springs of tar or 
petroleum, frequently cousolidated by evaporation into aspbaltum beds. 
But in the gulf region not only is the area very much smaller (from 
the Calcasieu to the Angelina river), but the supply uas, in all cases 
thu far reported, been too small to justify exploitation, as may natur-
ally be expected in vlew of the very inconsidera,ble thickness of the 
formation. The petroleum-beariug Miocene (0n strata of California nev-
rtheJ s corre pond to the Loui iana beds in o far as they are imme-
diat ly uperimpo ed upon the Cretaceous rock , in tbe absence of tbe 
Oligocene bed . Being of much greater thickness, the sources of petro-
l um and a pbalt within them are much more copious and lasting; and 
whil th fr prodn ·tioo i rarely a abundant, for the time beiug, as that 
from th Palreozoic b dR of the Ea t, yet the continuom; and uniform 
upplr giv n by the wells that yield at all places the iudu try upon a 
much more p rman nt ba is. The amount of a phaltum in the accumu-
lati n d ·crib d aborn i a "Very con id rable one~enough to upply 
th d .m nd of th United State.· for a numb r of y ~ar , even if no new 
d it b uld b <li 'Cover d; though the California a phaltum would 
b ta. di advaJ1tag in point of freight charg , in competing with the 
Trinid l phaltum in th ea tern market . 
" nm ary of R ult of a late Geologi al Reconnaissance of Loui iana," 
Ammcan Journal of cience, ovember, 1869, page 343. Also, "Supplementary and 
Fin l R ·p rt" f tb Mame, ew Orlea.n , 1873, page 40. 
ALUM. 
Native alum, in the form of an efflorescence and as alum-bearing clay 
and ·shale, occurs at a number of points in the United States, but has 
heen utilized only to a limited extent. The use of tbe domestic clays, 
etc., will depend of course upon the cost of transportation and upon their 
richness, as compared with imported material. At present, manufac-
turers rely almost wholly on the latter. Alum clays are found in con-
siderable quantities in New JersAy, and in Indiana, Alabama, Georgia, 
and other eastern and southern States, some samples reaching- 15 to 
40 per cent. alumina. Alum occurs at Copperas mountain, near Bain-
bridge, Ross county, Ohio; in the black shale formation under the Coal 
Measures, and as alum shale at Alum cove, Sevier county, Tenn~ssee; 
alum shaies are also met with on Copperas branch, 4 miles nortb of 
Whitesborough, Grayson county, Texas. 
In the Rocky Mountain region small quantities are found at Mount 
Vernon and in Jefferson county, Colorado, and elsewhere. 
It was mentioned in the last report that alum occurred in Silv~r 
Mountain district, California, and on Howell mountain, in Napa county, 
in. the same State. Some of the springs at the Geysers in Sonoma 
county, and at Owen's lake, also carry a small percentage of alum. ln 
addition to these localities alum has been observed at the following 
localitie~ in California: at the Sulphur Bank, Lake county, in thick in-
crustations, where also other sulphates occur abundantly; i11 the phcer 
mining pits in the interior of the State, where it crystaJlizes on tile bed 
rock laid bare by the hydraulic workings; and near the town of New -
hall, Los Angeles county. From an alum-bearing rock near Auburn, 
Placer c~unty, the exuding mineral is deposited in crystals on tlrn jur-
face. Although no attempt has ever been made to utilize any of these 
deposits, it is probable that something may in the course of time be 
done in this direction, as some of them are quite heavy and are favor-
ably situated. In the summer of 1884 a large deposit of natiye alum 
was discovered on the Gila river, in Socorro county, New Mexico, about 
2 miles below the fork of the Little Gila and 4 miles below the Gila hut 
springs. The deposit is said to extend over an area 1 mile square, an<l 
to be very thick in places. The greater part of the mineral is quite 
impure, as is usually the case with vative occurrences, but it i tl..iought 
that large quantities are available. The alum-bearing ground has been 
taken up by a company formed in Socorro. Alum has been found on 
the Verde river, Arizona, and in various part of U tab; but at the 
present ~rice of commercial alum the distance from a, market prevents 
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a practical utilization of these deposits. This is also true of the dis-
coveries recently reported from the peninsula of Lower California. 
Foreign sources.-Alum is made from alum clay, aluminous earth, and 
bauxite, which are imported from France, England, and Ireland; and 
from Greenland cryolite. The imported clays carry from 15 to 70 per 
cent. alumina, averaging between 45 and 50 per cent. The production 
of alum clay and shale in the United Kingdom in 1882 and 1883 was as 
follows: 
Production of alum clay and shale in Great Britain. 
1882. 1883. 
Quantity. Value. Quantity. ] Value. 
Long tons. 
1:l~: ~~lie.-.-.-.-.-.-.-.-.-:.-.-.-.-.-.-.-.-:.-.-_·.-.-.-.-.-_-.-.-.-:_·.- : : : : : : : : ~: ::~ 
Longtons. I 
£5,877 13, 4781 £10,108 
1, 055 8, 288 1, 036 
Manufacture.-The principal manufacturers of alum in the United 
States are: Martin Kalbfleisch's Sons, and G. H. Nichols &. Co., New 
York City; the Pennsylvania Salt Company, Charles Lennig & Co., 
Harrison Brothers & Co., Powers & Weightman, and the United States 
Fertilizer Company;Philadelpbia; and the Salem Laboratory Company, 
Boston. The total production of commercial alum in this country dur-
ing the past three years has been about as follows : 
Alum made in the United States in 1882, 1883, and 1884. 
Yea.rs. 
Pounds. 
1882 - - · - .. - - .......... - . - - - . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 000, 000 
1883 -· · - - - -- - . - - . - ... ·. · · · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35, 000, 000 








Imports.-In addition to the alum clays, etc., imported for the manu· 
facture of commercial alum, and which are free of duty, considerable 
quantities of alum, "alum substitute," aluminous cake, etc., are also 
brought to thi country. On the e latter the duty is 60 cents per 100 
pound . Since 1867 th imports llave been as follows: 
.4./um (classed as alu~, alum substitute, al1t1ni11ous cake, and sulphate of alumina) imp01·ted 
into the nited tales, 1 67 to 1 4 inclusive. 
Fi cnly nrs ndingJune80- Quantity. , Value. Fiscalyea!"Rending.Tune30- Quantity. Value. 
1867 .. .•.. · ·- · ... ··· ·• · · ··•·· 
1 ........... ........... . . 
I '9 . •••• ....•.•............ . 
1870 ••..••.•... .••.. .. •..... 
1871. ... .................. . .. . 
1872 .... ..... - .... .... ••.. 
1873 , ___ , .......•......•.....• 
1874 .............. ···· ····· · 




:.i, o:i , 540 
2, 4 5,722 
4,712,840 
3,006, 8'.:!0 












1876 ..... .... ... ... ...... . . 
1877 .....• ........ ·•···••· 
1878 ............... ... . ... . . 
1879 ..........•...... . . . · -· 
1880 .... .. . .. ··· ··· ·· ..... . 
1881. .............. ...... . . 
1882 .... .•.. ·••••······• ... . 
1883 ..... ···· ······· · · ·· ····· 




8, 645, 248 107, :.194 
5, 9tH, 057 6:>, 708 
2, 112, 570 2:.1, 43;; 
2, o 6, 950- 22, 3:n 
2, 4 7, l!l8 :rn, o:rn 
1, li05, 661 21, 126 
1,461, 041 l!J, 4&7 
BLUESTONE. 
During the last three years the a.mount of blue.stone (sulphate of cop-
per, "blue vitriol") made in the United States has been nearl:y as fol-
lows: 
Bluestone made in the United States in 1882, 1883, and 1884. 
Years. Quantity. 
Pounds. 
1882 . . . . . . • • • . . . . . . • . • • • . • • • . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 325, 000 
1883 . . . . . • • . . . . . . . . . • . • • . • . . . . . . . . • • . . . . . . • . . • . . • . . • . . . . . • • • . . . • . . 5, 344, 000 











Of the production in 188~ about 15 per cent. was obtained from fo~·-
eign ores and matte; in 1883 and 1884 domeRtic copper oxide fur~ishe<l. 
practically the whole supply. The demand for bluestone in pan amal-
gamation has fallen off latterly, and ·its principal consumption is in the 
manufacture of paris green and dyes, and in telegraphy for galvanic 
batteries. 
As will be seen from the following table, the present duty on blue-
stone, 3 cents per pound, is virtually prohibitory, and the imports for 
the pas·t few years have been insignificant. No exports of bluestone 
are recorded. 
Sulphate of copper (blue vitriol ot· bluest,one) tmported nd entered for consumption in the 
United States, 1867 to 1884 inclusive. 
Fiscal years ending June 
30-
1867 ......... ............• . 
1868 .........•... · ·· · ······ 
1869 . ..........•....... • .. . 
1870 . ...••.. .............•. 
1871 ..••....•...... .. ...... 
1872 ...•.... • ...........•.. 
























Fiscal years ending June 
30-
1876 ..............••....... 
1877 ......•• ... .......•..•. 
1878 ...................... . 
1879 .. •.... ·•···· ······ · ·· · 
1880 . ...... .. ......••...... 
1881 ........•. •....•..•.... 
1882 . ······ ............... . 
1883 · ········•••· ..••.••••. 
1884 . . .................... . 























Bources.-.A I most all the copperas ( sulphate of iron) now produced in 
the United States is made as a by-product in wire works, galvanizing 
works, and rolling mills, and in ·the treatment of scrap tin plate. The 
sulphuric acid used in such works is utilized as long as possible as a 
cleaniug agent, and the waste acid is then neutralized by adding scrap 
iron, the iron solution being boiled down until crystals of copperas are 
formed. None is now made in this country by leaching sulphate-
bearing clays. Only one establishment, the Steubenville Copperas 
Works, is now engaged in making Copperas by oxidizing pyrites, this 
work8 being favored by the accessibilit.y of pure pyrites and cheap fuel, 
and selling its product at rather better rat~s than those commanded by 
the copperas made as a by-product in wire works, etc. Other pyrites-
using works in the neighborhood were, however, obliged to close down. 
Copperas is frequently found native, as· an impregnation or efflores-
ce;nce resulting from the weathering of pyrites, often forming deposits 
analogous to the alum clays. In the far West the occurrence::; are 
numerous, but they cannot be utilized at the present price of artificial 
coppera and under existing transportation rates. A considerable de-
posit occurs in Santa Cruz county, California, near the town of 8anta 
Cruz. 
Production.-During the last three years the amount of copperas 
made in the United States has been nearly as follows, the esti~ates 
being ba ed on very complete returns: 
Production of copptrras in the United States, 1882, 1883, and 1884. 
Years. 
1~ :::: :: :::::: ::: :: : :::: :: :::::::::::::: ·: :::::: :::: ::::::: ::: :: : ::: 


















: 'he rang . in price i very gre~t, d pending upon quality and th' 
quanti Tin which old. Thus in 1883 ·ale were made betw en 50 a,ud 
· nt. p r hundr d pound , and in 1 4 th range wa al I fo • way 
fr m : 7~ to 74 c nt ' p r bundr clweight, tb Jow r rat .1s l.H.• i11g- f r 
hr 1 , < f _in pur c pp ra . very ·mall an10unt, used for .-peciaJ 
gr t p iri , h olcl as high a $1 per hu11dr cl-
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weight during the last two years. The quantity m.ade has increased 
very much during the past few years, and prices have steadily declined. 
Among the leading makers are: The Cleveland Rolling Mills Com· 
pany and Grasselli & no., of Cleveland, Ohio; Harrison Wire Company, 
of Saint Louis; W. E. Cutter, & Co. (Pillar Copperas Works), of Wor. 
cester, Massachusetts; S. P. Wetherill & Co., limited (Crescent Chem. 
ical Works), L. R. Krumbhaar, Powers & Weightman, Charles Lennig& 
Co., limited, Pennsylvania Salt Comp·any, Keystone · Chemical Works, 
and Moro Phillips, of Philadelphia ; Gridley & Co. (Phamix Uhemical 
Works), and Kalbfleisch & Co., of New York City; Craig Brothers, of 
Chicago; Cooper, Hewitt & Co. (Trenton Iron Company), of Trenton, 
New Jersey; Howe & Goodwin (Vermont Copperas Company), of 
Boston; New Haven Wire Company, of New Haven, Connecticut; B. 
C. Johnston (Steubenville Copperas Works), of Steubenville, Ohio; 
and many other small manufacturers. The decline in pri~e has· had the 
effect of closing down most of the smaller works making copperas as a 
principal product, and some of the copperas formed as a by.product in 
other manufactures is allowed to run to waste, as the cost of recovering 
small quantities would not permit of a profit. 
Uses.-Copperas is used as a mordant in dyeing cotton and woolens, 
and for conversion to nitrate of iron to be used a8 a mordant; in mak-
ing bright iron oxides, Venetian red, Spanish brown, etc., by conver-
sion, for painters' colors; in making Prussian blue; in paper mills, 
bleacheries, plate-glass works; and chemical manufacturing establish-
ments; in ink manufactories; :very largely for sanitary purposes, as a 
disinfectant; in photography; in the precipitation of gold in leaching 
works; and to a slight extent in medicine. 
Imports.-As will be seen from the accompanying table, small quan-
tities of' sulphate of iron are still imported. · 
Sulphate of iron ( copperas) imported and ente1·ed for consumption in the United States, 1867 
to 1884 inclusive. 
Fiscal years ending June 
30-
1867 ··••·· · ............... . 
1868 ..•.•.. ·-···· ···· ..... . 
1869. ·· ··••···•···•········ 
1870. ······ ········•·•••••• 
1871 ..••••... .•...•........ 
1872. ·••••• ......••••...•.. 
1873. ··••••·•••••·····••••· 
1874 . ·-···· ···•••··•····••· 






















Fiscal years ending June 
30--
1876 ...•.•................ 
1877 . ··•·•· ......... .. .... . 
1878 .........••........••.. 
1879 ........••..........•.. 
1880 ..•............. -· .•... 
1881 ..•.•.. .•.... ······• ·· · 
1882 ·• ··••• . •••. ·· ·····•·· 
1883. ·•••••••••·· ....••.... 























T.)le cryolite found near Pike's peak, El Paso county, Colorado,. de· 
scribed by W. Cross and W. F. Hillebrand in the American Journal of 
Science, October, 1883, is of · purely mineralogical importance and is 
noticed here merely because of the frequent inquiries received as to the 
commercial value of the discovery. · This is the only known cryolite 
locality in the United States . . It occurs in small masses as a ·subordi· 
nate constituent of certain quartz and feldspar veins in a country rock 
of coarse reddish granite. Zircon, astrophyllite, and columbite are the 
primary associated minerals, the former only being abundant. .Alter-
ation products of the cryolite are pachnolite, thomsenolite, prosopite, 
ralstonite, gearksutite, and :fluorite. 
The principal source of supply is the Iviktob deposits in Greenland. 
The mineral is used in making soda, in the manufacture of a porcelain-
like glass, and in Europe it has been utilized to a limited extent in the 
production of metallic aluminum. There is no duty on imports, and 
during recent years these have been as· follows: · 
Cryolite imported and entered for consiimption in the United States, 1867 to 1884 inclusfre. 
[Cwts. are long hnndredweigh~-~ of 112 pounds.] 
Fiscal years ending June 30- Quantity. Value. 
1867 .. . .. .. . . .•....•.•..•••.•.•.•.•.•••..••..•........•.•••... _ ..•. _ . .• _ .• __ .. _. _ -~~.~: •. _ 
1868 .........• .. ··•······•·····•••••······•··•·•·•·••••· ••••··•••••· ••••·· ... . ........... . ~:~g-· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · . . . . . . . . . . . . . . . . . . 182, 942 
1871 . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • • • • . . . • . . . . . . . . . . . . • . . . . . . 1:· ~~i 
1872: :: :::. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .• _. ~ _ . ~ _ ... 
1873 . .......•. ····••· ••.•••••..••.•••••••••••••..•.. ·••••••·•··•••·· .••..•••••......•.. ... . 
t:!·· ········································································· ··· ···· ····· . ............... .. .......................................................................... ---· · ·· .... . 
i:~~-............ ························································· ·· ··· ········· .. . 
1878: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
1879 .. .•...••...•••.••••••••••..••••...•..•..•••••••••••• •·•••••••·•·•••• ........• . ... .. .. -
f: ······················································································· 
188'.i · : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : · • • • • 15: iao · 




















The ozocerite (native paraffine, "mineral wax") deposits occur in and 
aroun~ Soldiers' Park canon, Utah, in the region where bituminous 
shales exist. On the south side of the canon the bituminous shale al-
ternates with gray clay ·containing mineral oil. In the clay layers are 
found vertical seams of ozocerite 6 inches to 2 feet thick, distant about 
50 feet from each other. The whole format-ton dips about 350 to the 
northwest and is observable for thousands of feet. The purest ozoce-
rite froin this locality is said to contain 60 per cent. of paraffine wax, 30 
per cent. heavy oil, and 10 per cent. residue of coke, which can be u_til-
ized as fuel. 
Mr. F. Covington, of Salt Lake City, who has been engaged during· 
the past six years in prospecting for ozocerite, in a letter to the Mining 
Record, says: "Mineral wax is found in a sandstone formation in this 
Territory in veins varying in thickness from a half inch to 15 inches, 
and can be traced for miles-a~ also large beds of oil shale in which 
more or less wax is found. These shale beds vary in thickness from 4 
inches to 100 feet, and will ignite with a match. They are within from 
4 to 6 miles of the railroad, while the wax veins are within from 100 
feet to 2 miles of the Denver and Riq Grande railroad, about 100 miles 
southeast of Salt Lake City, with plenty of good water and wood in 
close proximity. I have also found ·black oil of the consistency of 
cream, resembling the wax in color and luster; moreover, a kind of 
black jet of a very high polish. These deposits or veins of mineral 
wax are about 8,000 feet above sea level, on the divide of the Wahsatch 
range of mountains, and in Wabsatch county; the country rocks are 
chiefly sandstone, shale, and clay. The Pleasant Valley coal mines are 
about 20 miles south of the wax and shale beds." Mr. Covington states 
that at the close of 1884 there were some 4,000 or 5,000 pounds of ozo-
cerite on sale from this region. 
Prof. J.E. Clayton, writing to the Engineering and Mining Journal, 
describes the Utah occurrences as follows: '' The paraffine oil ehales 
arP found on the east flank of the Wahsatch range, the south flank of 
the Uintah range, and the west flank of the Colorado portion of the 
continental divide, or the Rocky Mou.ntain range, especially that portion 
of it north of Grand river. These beds are probably Miocene Tertiary, 
and at one time undoubtedly covered the entire area of ' the great in-
land sea now known as the sandstone country of Utah, Colorado, Ari-
zona, and New Mexico-a region about fOO miles in length from north-
955 
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west to southeast, and 200 miles or more in width from northeast to 
southwest. The Tertiary shales have been swept away from all the 
central areas of the old basin; but in the higher plateaus along the 
flanks of the ranges, between the deep canons, and even to the sum-
mit of. the W ahsatch range in many places, these Tertiary oil shales are 
found covering large areas of country. 
''A peculiar feature of these oil shales beds is that they are not equally 
rich m paraffine or wax. In some localities they are very thick, and 
rich in oil, but poor in paraffine, and the exudations along the .flanks of 
the canons are simply asphalt, with little or no paraffine. In other 
localities, the exudations are wax.-like and rich in paraffine; but I do not 
know of any locality where the wax exists in any considerable deposits. 
In all the localities that I have ~xamined in the Wahsatch range, about 
the heads of the Spanish Fork canon, and the heads of Price river (in-
cluding White river and Fish creek, its principal tributaries), t~rn wax 
occurs as exudations from the shale beds that have been cut by ravines 
so as to expose sections of the beds, or where they have been folded by 
the upheavals, and their edges exposed by denudation. In studying the 
underlying as well as the overlying .beds I find below the ricbe~t zone 
of shales a series of compact beds, in places aggregating in thickness 100 
feet or more, that are full of fresh-water fossils, of the ~sual Tertiary 
type. The shells in some bands form the majo_r part of the mass. The 
shaly portion is dark or blackish, in fresh fractures, and contains more 
or less oil. In some ca es, thin splinters of it can be lighted with a match. 
Overlying these fossil beds is a very fine clay shale with very few fossils 
iu it, varying in thickness from 5 or 6 to 20 feet or more, which is very 
rich in oil, and, in some localities, rich in paraffine, both as impregnations 
and in very thin cales and films between the thin lam in re of the shales. 
Thi upper bed of oil shale is remarkably tough. Weathered samples 
a ume a grayish or brownish gray color, and divide readily into thin 
she t , and will warp in foe suu like thin sheets of wood. There seems 
to be no nd or grit in them. One can aw them as readily as if they 
were board . Above thi , is a continuation of what appear to be the 
am clo e-o-raine<l clay hale, of a dove color, many feet in thickness, 
ay from 20 to 40 feet, but containing no oil or paraffine. The oil appeart:i 
to have penetrated a few feet into thi ov-erlying clay shale from below, 
in , om place impregnating it from 10 to 20 feet, while in other place 
n t m r than a foot or two. These facts em to indicate that the oil 
f animal origin .from the underlying fo sil beds above mentioued. 
'' hy th e d i e rude oil and a phalt in some localitie , anu 
paraffin oil in oth r place , 1 not ;yet under tood. The best, paraffin 
h 1 y t :£ un l re n ar the rim Qr out r e<lg of the ol<l Tertiary lake 
a. r , larg lag on· or 1 kelet may ha e been fill d wHh fr ,sb 
r and th v g t bl li~ and mo w r ufficiently abundant 
t t • b m Tiads f llu ·a that b cam periodically ntombed in 
th muddy hallow lak r lagoons that were more or les 
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isolated from the main body of water, thus giving more organic remains 
of the right sort in some localities than in others: This seems to war-
rant -the suggestion that the local conditions gave an abundant type of 
organic life of the right · kind in some places, while in other localities 
the vegetable and animal life produced oils a,lmost destitute of para:ffine. 
A careful investigation of the fossiliferous beds underlying 'the different 
varieties of oil impregnations would throw some light on the subject.· 
It might possibly reveal the true <;>rigin of all the fossil oils, as well as 
the causes that have produced the different varieties of oil in the s.ame 
zone of beds, only a, few miles apart." 
Professor Clayton's opinion of the purity and quantity of the occur-
rences of ozocerit e above described is far fess sanguine than many puh-
lished statements. He says: ''No deposits of mineral wax haYe been 
found in this old Tertiary basin that equal in richnes·s or purity the 
ozocerite deposits of Galicia in Austria. Such· deposits may e~ist some-
where in this large stretch of the Tertiary beds of the Rocky mountains; 
but they have not yet been discovered. In the light of our present• 
knowledge, I am inclined to believe tb;l,t the only way to get the par-
affine in large quantity is to distill the shales on a large scale by a sim-
ilar process to that now used in Scotland. The deposits of wax. are 
small, and scattered over large areas of coun~ry, Hence, the collection 
of the impure varieties of oz()cerite found in Utah could not be relied 
upon to supply any considerable demand. Systematic explorations by 
bo.riug and otherwise may reveal rich deposits of the mineral; but this 
requires the employment of special skill and the expenditure of con-
siderable sums of money. All I can say about it now may be summed 
up in this: That it is a promising field for such explorations; but in 
my opinion, the distillation of the shales must be finally relied upon for 
the p1mduction of any large supply of paraffine." 
Samples of ozocerite of good quality have been obtained from Wy-
oming, but the deposits have not been developed a.ml their extent is 
unknown. The recent demand for ozocerite may have the effect of 
stimula.ting :further exploration. Ozoce:rite is also 1:eported to have 
been found la1'ely in the .clay fields of Mr. Otto Enst, at South Amboy, 
New Jersey. 
GLASS MATERIALS. 
BY JOSEPH D. WEEKS. 
Constituents of -glass.-The essential constituents of glass are silica 
and one or more metallic oxides. The silica is generally used in the 
form of sand. The chief oxides are soda, lime, potash, and oxide of 
lead. Other. oxides, as those of zinc, tin, barium, and antimony, are 
sometimes employed in glass making; and other materials, as manga-
nese, arsenic, and the oxides of tin and copper, are found in glass, but 
these latter are present either as coloring matter, as impurities, or ai:; 
materials used to correct impurities. 
The silica used in glass makillg is mixed in the "batch," as the com-
bined materials ready for melting are termed, in the form in which it 
enters the glass. With the metallic oxides it is different. These are 
derived from some of the s.alts of the metals. Soda, for example, is 
mixed in the batch not as soda but as the carbonate, sulphate, or nitrate 
of soda, or chloride of sodium; lime an<l. potash usually as the carbou-
ates. Lead, however, is mixed as an oxide, usually as minium or red 
lead, or sometimes as litharge. In the melting, these carbonates, sul-
phates, etc., are decomposed, the soda, lime, potash, and lead entering 
the glass, the other elements of the com pounds passing off as gas or in 
the'' glass gall" or" sandiver," a the "scum" on the molten glass is 
termed. The action of the heat in the furnace, in addition to decom-
posing the salts of the batch, is to fuse the silica. which acts as an acid, 
and the oda, lime, and other oxides, which play the part of bases, into 
silicate . Glas however i not a simple silicate; but is a fused mixture 
of two or more of the silicates so forme<l.. Sheet or window and plate 
gla s are silicate of lime and oda; lead-flint, of lead and pota h, 
lime-flint, of lime and soda; while green bottle glass is a farrago of 
ilicate of soda, potash, and lime with iron, alumina, etc. 
SILIOA. 
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At the present time sand furnishes most of the silica used in glass 
• making. Fifty years ago the silica for the finer grades of glas.ij was 
procured by an expensive process of crushing and washing flint and 
quartz. This process is still used in those districts where good sand. 
cannot be cheaply obtained. Bohemian glass is made almost exclusively 
from quartz so prepared. Certain siliceous rocks, such as felsite, basalt, 
and trachyte, containing large percentages of soda and potash, are also 
used in some parts of Germ·any and Austria, especially in the manufac-
tu:i-e of bottles. The use of these rocks in glass ma.king is a subject 
worthy of the consideration of American glass makers. These are the 
exceptions, however. By far the largest port,ion of the silica of the 
glass houses 9f to-day is sand. 
The quality of the glass . is mainly determined by the quality of the 
sand used. For the :fii1er grades of glass, especially where freedom 
from color, perfect transparency, and great brilliancy are essential, 
only the purest qualities of sand can be employed, as slight impurities, 
especially small amounts of iron, seriously impair all of these desirable 
properties, When however ·color is 1:,econdary to cheapness of- produc-
tion, as in the manufacture of green bottles, sanus with considerable 
iron and clay are uot only used, but in some cases are preferred, as 
these materials are fluxes and consequently require less flux in the 
"batch" or mixture of materials. · 
Use of manganese as a decolpriztr.-The chief impurities in sand are 
oxide of iron, alumina (generally in the form of clay), loam, gravel, and 
organic matter. Most of these can be rem.oved by burning and wash-
ing, but the iron and part of the organic matter can only be removed 
or neutralized by the use of chemicals. Burning is necessary where 
the dand contai_ns much organic ma-tter. For small percentages the 
heat of the furnace in the melting of glass is sufficient, the carbonized 
matter being carried away as carbonic acid by the use of arsenic. In 
washing the sand to remove the clay, gravel, loam, and similar impuri-
ties, it is first crushed and pulverized if necessary, and then washed and 
dried. The sand comes from the drier fine, and almost a,s white as fiour. 
Of the impurities iron is the most dreaded. It is difficuI t to remove it 
or to neutralize its effect, while its presence, even in small amounts, 
~estroys the "color,'' the limpid whiteness of glass. giving it a greenish 
tint. Manganese is used to correct this greenish color, but glass so 
decolorized is liable to acquire a purplish tint or" high color" under 
the action of sunlight. The only safeguard against this "high color" is 
the use of sand containing little or no iron, and consequently requiring 
no '' doctoring" of the batch. Sand containing more than 0.5 per cent. 
of oxide of iron is not considered suitable for any glass, even bottles, 
while for plate and window glass and the finer grades of table ware the 
less iron the better. 
Use of arsenic as a decarbonizer.-Tbe organic matter when not re-
moved by a preliminary burning decarbonizes in the pot duriug the 
.melting of the glass materials .and is removed by tbfl use of arsenic, 
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which is the great '' decarbonizer" in glass making, as manganese is 
the '' decolorizer." The arsenic is added to the batch prior to charging 
it into the pots. 
Tests of sand.-Sand should be perfectly white, not very fine, uniform, 
even · grained, with angular rather than rounded grains. Sand which 
is very fine, or the grains of which are smooth and rounded, can only 
be used with difficulty and great uncertainty as to the result. Such 
sand is liable to settle to the bottom of· the "batch," preventing an 
even mixture of the materials, and producing an uneven glass. Sand 
should not effervesce or lose color when heated with an acid. Loss of 
color indicates the presence of clay, loam, or other foreign substance, 
while effervescence indicates the presence of carbonate of lime. Oxide 
of iron can be discovered by boiling the sand in hydrofluoric acid and 
dropping into the solution a few drops of yellow prussiate of potash in 
solution. The resulting blue color indicates the presence of iron, even 
in the most minute quantities. 
These tests indicate in a, general way the value of sand for glass 
making. An analysis is necessary to give the amount of the impuri-
ties. It should, however, be noted that while such an analysis, aided 
by the appearance and color of the sand, indicates in some measure its 
purity and value, it is by no means conclusive as to its adaptability for 
glass making·, as a sand of yellowish tint may be purer than one much 
whiter. Mr. Henry Chance, of Birmingham, England, whose two pa-
pers on crown and sheet glass are the best in the language, speaking 
of color and analysis as in.dications of purity a.nd value, says: "The 
sand used by our firm i obtained from Leighton Buzzard1 and although 
of a yellowish tint is more free from iron than many kinds of sand which 
ar white in appearance. The whiteness of sand is a very uncertain 
t t of it purity. Again, two kind of sand which are shown by 
analy ·i' to be precisely similar in their compo~ition may produce different 
re ult a regard both color and quality of glass." Mr. Chance suggests 
that thi may be due to a difference in the power of the sands, arising 
fr m the condition in which the ilica exist , to neutralize the bases. 
Occurrence of glas · sand.-Most of the sand used in glass making 
o ·cum a' sand 'ton , is quarried in blocks, and must be crushed and 
pr par d for u e. The Fontainebleau (France) sand and some of th~ 
B rk,·hir (Ma achu tt ) and Juniata (Pennsylvania) sands are of 
ihi ·llaracter. In other ca e , while the and occurs a rock and must 
qn· rri d, i rapidly di int grate on expo ure to air and moi ture, 
f the Juniata (Penn ylvania) mipe . At other quarries 
, h r' th' form~ ti u i · acc•haroidal, the and rock ha a very weak bond, 
. · nd i.· r adily <l t h d fr m place with a pick, rapidly falling into fin 
, aucl. ' hi.· i. th m tur of the and at Cry tal City, Mi ouri, and at 
th B 1k.·hir (~1 · ·a bu et ) mine . While mo t of che and 
u ,,1 i narri cl or min ,,1, ,' m gla i till made, a wa the earliest 
fr riv r or n . hi, h we er is only employed for the 
· h •· p r kind . 
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Glass sands of the United States.-No better glass sands are found 
than those of the United States. The French sand quarried at Fon-
tainebleau .and the German Sands found at Herzogenrath and Hohen-
bocka, from which most of the best glass of England, France, Belgium, 
aud Germany is made, and the sand from near Mons, Belgium, although 
of great purity, do not equal some of the American sands. Our ile-
posits of sand suitable for the manufacture of the finest grades of glass 
are not only extensive but are found at least from Massachttsetts to 
Missouri, perhaps in mo5t of the States. If in the quality of the metal, 
or in the brilliancy of our glass, we are behin(i our European competi-
tors, it is not attributable to our sand. These deposits are also in 
many cases well situated with reference to fuel and transportation. 
Among the beds most extensively worked are those of Berkshire county, 
Massachusetts; Juniata county, Pennsylvania; Morgan county~ West 
Virginia,; Fox River, Illinois; anu Crystal City and Pacific, Missouri. 
These are all exceedingly pure sands, as tpe analyses subsequentl., given 
will show. Berkshire county furnishes most of the sand for the flint 
glass made in New·Englabd, New York, New Jersey, and eastern ·Penn-
sylvania. 'Some of the flint-glass houses of Philadelphia also procure a 
portion of their supplies from West Virginia and the Alleghany mount-
ains. The sand for the window and green glass made in New York, 
a1:, well as part of that used in Ontario, com~s from Oswego ,md Oneida 
counties; that used for common glass near New York City, as well as 
in New Jersey and eastern Penns,ylvavia. is mined in New Jersey from 
a very extensive deposit that can be traced through tbe State. This 
sand is uniform and is often used without washing for the manufacture 
of window glass. The large quai1tit.ies of sand required in Pittsburgli, 
Wheeling, and the factories in their neighborhood come from ,~arions. 
points in the Alleghany mountainsJ mainly from Juniata and Fayette 
counties, Pennsylvania, and Morgan county. West Virginia. Somo is 
also procured from Missouri. The Fox River sand, found some GO mile.s 
from Chicago, is a very valuable deposit, supplies the plate-glass works 
at New Albany and Jeffersonville and some of the :flint-g-lass workis i11 
the West. It is a beautiful sand, needs no washing, and bas given tile 
very best results in use. Some good ~and is mined in Indiana. The 
Crystal City, )fissouri, deposit is one of the most important beds in the 
West,is of great purity, inexhaustible in quantity, and the cost of mining 
is merely nominal. There is also a deposit of considerable importance 
at Pacific, Missouri, which seems to be of the same formation as that at 
Crystal City. The sandstone from this mine is hardened instead of 
being disintegrated by the action of the air, but water, to a certain 
extent, breaks the bond. This sand is regularly supplied to the glass 
work· at Cincinnati and many of the works of the West, except those 
making pla.te gfass. Indeed the extent of the deposits of sand in this 
eo11ntr,v 1-mitable for glass making is almost incalculable. Many of 
these are not, developed, or, if opened, worked only to a limited extent. 
2 M R--'11 
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The saccharoidal sandstone of Missouri, for example, has been traced 
for miles · through some ten counties, the bed varying from 80 to 133 
feet in thickness. At Minneapolis and Saint Paul a rock t75 feet thick 
·is found, furnishing a good quality of glass sand. In many States glass 
sand has been discovered and reported upon by State geologists and 
chemists. Of many of these deposits no use has as yet been made. To 
these reports those desiring information as to the character and extent 
of the deposits are referred. 
In the following table will be fuu~d analyses of the most prominent 
glass sands in Europe and this country. · 
Analyses of Europea1', glass sands. 
France. England. Germany. 
Fontaine· Fontaine- Leighton Alum Herzogen. Hoben· 
bleau. (a) bleau. (b) Buzzard.(a) Bay. (b) rath. (c) bocka. (d) 
Silica......................... 99. oo 98. 80 99. oo 97. oo 99. 240 99. 760 
.Alumina.. . • • . . . • . . • . . . . • • . . . . . . 50 . . . . . . . . . . . . . 80 ...... ~ . . . . . 200 . 040 
iiE{ft;/// :::~E ILE:::::::\~:// :::::J:: ... Jij 
Magnesia and sesquioxide of 
iron........................ . ...... ...... . 70 ........•.....•............................... 
Water.................................... .50 ............ 1.00 .469 . ... ... ... . 
.Alumina, magnesia, and sea· 
½!~:f;~;t~~~~::::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::tt :::::::::::: ....... :iJ 
100. oo 100. oo I 100. oo I 100. oo 
1 
100. oo I 100.172 
a A.uthority : H. Chance. 
b .Authority: Sp~m. 
c Authority: .Julius Fahdt. 
dAuthority: Bischof. 
Analyses of glass sands of the United States. 
Massachusetts, Berk· New .Jersey. Pennsylvania. ~ ~ Missouri. shire county. <I) ,Q §-h 0., ,;, <I) cl) Q-: 
~ 
Q -+" ~ o-: ~i § -~ -+" ·"" Se 0 <I)- .& 3§ s t-~e I>-,~ 8.~ ~ ~ ~ _.,-~ <'! • A §8 t A -..: ~t, 0 §p, g 0 co co -; s.. = O,<I) A Q o'd t:tl~ 0 Q cl) 0 - ~ ~~ -A -A A1;: i~ _.,-g ~ <11 1 ~ 0 0 1 rn,..... i~ 'E "" ~,Q ~. Q a * ~ 
Q s.. e 0 Cl) I>-, i::i 0 0 P< 0 !Ji ;.. ~ C!) C!) i:q A t:tl in "-::> 0 I ---------- ----------
smca. . . . . . . . . . . . . . 99. 78 99. 61 99. 69 98. 824 98. 850 99. 720 98. 84 98. 85 99. 90 99. 62 09. 55 
Alumina .. ·. - - - . . . . 22 } 89 31{ . 935 . 980 . 080 . 17 . . . .. . . . . . . . . . . . . . . . 33 
Li.~~ · 1a: : .::::::: ::::::·1··-~·-- ... ·.·.. :m : ~~g : ~~O }~::: :::::: :::::: ::::::: ...• ·-~~ 
Chlorine. ..... . .. . .... .. . .... .. . ... . . . . . 0054 Trace. .. . .. . . . . ..... . ....................... .. 
Man~ane e. . . . . . . . . . . . . . . . . . Trooe 07 
• quioxideofir D •• •• ••• Triioo. T~ace~ ... i6s· . ·:iao· T~ii~e: .34· ··.-4i :::::: ... : ... T~~: 
~~~~<~::::: ::::::r :::: :::::: ::>:::: : oa:: :;; : + : ::?r:: 
lOQOOli-:oo- 100. 00 1100.0004100.038 too.000 ~ ~ 1 ~ loo.00199.00 
a. ntbQrity: . Drma. Have . 
b u hrmty: Prof or Cook. 
c th ritJ : to Wnth. 
dAuthorlty: A. ', McCreath. 
~ Ant ri y: C. F. Chandler. 
f uthority: Crystal City Plate Glass Compllny 
D Authority : Cbauvenet.' 
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SODA. 
Until a very recent date all glass woulcl be classed as soda glass; soda, 
with rare exceptions, being the only base enployed by glasR makers. 
The intelligent use of lead ancl lime are modem inventions, and analysis 
shows but little potash in aI?cient glass. Potash and lime were almost 
always found as impurities in the sodas formerly used and, as a conse-
quence, in the glass made from them, but they were chance materials. 
'rhere is also evidence that the value and effect of lead was not entirely 
unknown to the ancient glass manufacturers, but its use may very 
properly be said to be an Englisn invention of the seventeenth century. 
Soda for the earliest known glass houses was obtained from the banks 
of the natron lakes of Egypt; that for moderq. glass making, until near 
the beginning of the present century, from the ashes of certain plants, 
chiefly those of the sea and seashore, such as kelp and the salsodas. 
As late as sixty years ago English crown and sheet g]ass was made 
from the ashes of the kelp of the Scottish and Irish coasts. These 
ashes contained potash a.nd lime as well as soda and were simply mixed 
with sand and melted. # 
Soda ash.-The quality of these vegetable sodas was poor, the quan-
tity Jimited, the supply uncertain, and the glass made from them varia-
ble in character and inferior in quality. Le Blanc's discovery in 1792 
of a process of converting common salt into soda ash opened a new era 
in the glass industry and brought about the most important change 
that has been made in the chemical part of the maufacture of glass-
the substitution of carbonate of soda for the vegetable sodas and subse-
quently the-use of sulphate of soda in place of the carbonate. In the 
Le Blanc process sulphate of soda or salt cake is first made from com-
mon salt and oil of vitriol. This sulphate is then converted into an 
impure carbonate and the black ash of commerce, by calcination with 
fine coal and lime, and this by solution and evaporation into the car-
bonate, the soda ash or British alka.Ii of commerce. 
Sulphate of soda.-At first only soda ash was employed in glass mak-
ing, and it is still used exclusively for some kinds of glass; but it was 
soon found that there was some ad vantage in the use of salt cake, and 
at present considerable window glass is made with the sulphate. Sul-
phate glass is less liable to de\~itrify or crystallize in the pot during 
melting, and hence will carry a larger proportion of lim6 than carbon-
ate glass. It is therefore harder, takes a better polish, and does not 
'' sweat" as readily. 
The use of sulphate of soda demands the introduction of carbon into 
the "batch." This is supplied by some form of coal rich in carbon, as 
anthracite, charcoal, or coke. · 
Man·uf acture of soda ash in the United Btat.es.-But little either of the 
carbonate or sulphate of soda is made in this country by the Le Blanc 
process, tbougli the materials for the production of both exist in great 
abundance. Apart from the fact that the most valuable deposits of the 
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materials necessary to their production are widely separated, the chief 
obstacle to their manufacture has been that the economical working of 
I hi:-; process depends largely ~n the demand for muriatic acid, which 
is a by-product of the manufacture of salt cake. This d t>maud is limited 
iu tllis country, and as a consequence the amount of soda made bas 
been small. The alkali-making dfatricts . of Eng1aud, especially the 
Lancashire and the Newcastle, supply most of that used in glass mak-
ing, not only in this country but in most others. In 1884, 287,401,005 
pounds of soda ash and 8,416,147 pounds of salt cake were imported 
into this country. 
Ammonia soda.-Until quite recently sulphate and carbonate of soda 
have been produced only by the Le Blanc process. In 1866 Mr. Ernest 
Solvay began at Brussels the manufacture of carbonate of soda by a 
process that has since been called the Solvay or sometimes the ammonia 
process. This process bids fair to supersede the Le Blanc. The soda ash 
vroduced i.s fully equal to the Le Blanc in qualit) and can be produce,1 
more cheaply. The Solvay so<la is 98 to 98½ per cent. pure carbonate, 
practically free from iron and · other impurities, while the Le ]31aoc 1:,oda 
gives but 78 to 80 per cent. The Solva,y soda is also free from the sul -
phate an<l chloride which are so productive of '" glass gall " in the pot .. 
The manufacture of ammonia soda bas been succcessfully established iu 
this country at Geddes, near Syracuse, New York, where some 40 tons 
a day are made. The first finished ash was made about t.he middle of 
January, 188-1-, since which time the works have been in constant opcra.-
tion, with the exception of a few days' idleness for repairs. Ooncerniug 
these works and the future of' the process the late Prof. B. Sillima11 
said: "This new industry is now actually supp~ying ab~ut 5 per eeu 1. 
of all tlle soda ash con urned in this country, · nd it i$ destined s0011 to 
develop to a very con iderable importance, for iu west em New York 
are ample beds of pure salt, and probably the same exist in Pennsyl -
vania, while the beds of rock salt lately penetrated in the Wyoming 
region, New York, and the salt water which flows with the gas in some 
of the Penn ylvania well , will provide very large quantities of the raw 
material for the manufacture of oda ash by the ammonia process. Nor 
i th re need to fear that an adequate supply of ammonia can be ob-
tain d, for it mu ' t be remembered that every day the coke ovens of 
w t rn Penn ylvaniaar wa tingfarmoreammouiatban will bewauted, 
b uld all th od· a h now u ed in thi country be manufactured here." 
In the S 1 rn. proce ad vantage i taken of the chemical reaction 
wbi h t· k place b twe n carbonate of ammonia and salt, in the pres-
'll • of an x • ", f car ouic acid. The result i bicarbonate of oda 
and amm ui m ·blorid . Thi, bicarbonate of oda is washed in proper 
Y , -. L· (:ift r , ,parati n from the liquid ammonium chloride iu 1:;nit,. 
a· l tilt ·r.) a11d ·och a h produ d. Tb ammonium chloride i~ regen -
rat •cl l .\' p1icklirne aucl u. d again iu th proce s. The apparatu u d 
in •arr ·iug hr ug thi apparently simple proce sis more complicated 
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than one would suppose, as great care must be taken in dealing with 
ammonia lest the gas escape and cause great loss. The vessels are of 
the pattnn adopted. by Messrs. Sohay & Co. in their European works 
and are made of wrought or cast iron. The consumption of raw material, 
etc., varies somewhat from month to month, but the figures given below 
will approach a fair average: 
Capital invested ............. . ...................•...............•.••............. $600,000 
Hanus employed . . . ......... . ..... '................................................ 250 
Production per month, long tons ............................................... _. 1,200 
Limestone used per month, long tons .........• __ ....•..........•....•••••........ 2,400 
Coke used per month , long tons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . •• . • . . . 400 
Coal used per month, long tons ................................................ __ . 2, 400 
Salt used per month, long tons . . . . . . . . . . . . . . . . .. . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . 2, 400 
Barrels used per month .• a ....................................... __ •••••.•• ••••••• 8,400 
Selling price from $1.35 to $1.40 per 100 pounds 48 per cent. equals, 
say, $35.18 to $37 .89 per 2,240 pounds 58 per cent. ash. Imported aijh 
sells at about the same figures. It is said that foreign makers can 
produce ash much more cheaply than the American. This the Geddes 
company is forced to admit, but hopes with time and experience to com-
pete with them. During the present year the capacity of the works 
will be doubled. 
Composition of ammonia soda.-Tw.o grades of soda ash are made at 
Geddes, one carrying 58 per cent. alkali (Na20), and a second with 48 
per cent. These two kinds are distinguished as '' pure soda" for the 
58 per cent. and "ammoJJia soda" for the 48. per cent. The following 




Iron and aluminum oxides............. . ........ . 025 
Silica. . . ....... ....... . ... . ..... . ............... . 025 
Carbonat e of lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 404 
8ti~~i~l~t~f?;odi~!~~~~ .· .·.·.·.·.·.·.· · :: : : : : : : : : : : : : : : : ~: I Cacbonate ofaodn ......... .. .................. . ~1 
The 48 per cent . ash contaius about: 
I 
Percent. 
Carbonate of soda . ..... .. ..... .. ... 
1
• • • • • • • • • • • • 79. 00 
Salt . . . .... . .. ... . . . . . . . . . . . . . . . . . . . . . . . . . 9. 00 
Sulphate of soda (salt cake) . . . . . . . . . . . . . . . . . .. . 9. 00 
Silica .. . .. . .. .. . ..... .. . ...... . ... .... . .. . .... . . L 00 
1 Lime . . ... . ... .. .. . . ... .... . .. . .............. . . 1.00 I I,on . .. . ... ... .. ... . .. . .. . . .. . ~
Ammonia soda in glass niaking.-Concerning the use of the ammonia 
soda iu glass making, the manufacturers Rtate that owing to its purity 
its roaction with silica may be too rapid, but that this action may be re-
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tarded and time given for the glass to clear by adding about 20 per 
cent. of common salt, or, as some prefer, adding 10 per cent. of salt 
cake and 10 per cent. of salt, or only the former. A consumer buying ash 
having 58 per cent. alkali can add either or both of these ingredients to 
suit · his own taste at less expense than he can purchase thtm already 
added in 48 per cent. ash. 
TlJe following formula is used in Belgium plate-glass works: 
Sund .......................................... . 
Solvay soda, 58 per cent. alkali._ .. _ .. _ ......... . 
Sulphate of soda (salt cake) ................... . 






All the ingredients thoroughly mixed. This mixture gave 82 per cent. 
of good glass, against 73 per cent. of glass by the use of salt cake. 
It is also claimed that by the use of Solvay process "pure soda" a 
great saving in pots can be made. When salt cake is used the pots 
rnust be made much tl.J.icker, and even then they will not last so long. 
The presence of sulphate has a tendency to form scale on the pots, and 
wb~n the scale forms they soon burn out. As there is absolutely uo 
sulphate in the Solvay process "pure soda," this trouble is avoided and 
expei:.se is saved. The great purity of the Solvay process,~ pure soda" 
is also an especial advantage to the makers of colored glass. Less 
coloring matter is required than is necessary with other makes. 
Native carbonates of the United States.-Though i,,o litt1e soda ash is 
produced in this country, there are vast amounts of both tbe carbonate 
and ulpbate occurring native in large lakes as well as in deposit8 in 
the we tern State and Territories. The '' alkali belt." as it has beeu 
termed, lie' weRt of tile 100th meridian. A very inte;esting statement 
regarding this belt will be found in the census report on CbP.mical Prod-
uct . Mr. Williacn L. Rowland, the special agent in charge, estimates 
tb con umµtion of soda salts iu the United States in the census year 
at ' 9 ,500,000 pounds, of which but about 10 per cent., or 40,259,938 
I ound , were produced here. 
Common salt.-A both the sulphate and carbonate of soda are pro-
du d from th chloride of sodium (common salt), many attempts have 
bbe11 mad to effect the direct union of ilica and salt in the melting pot 
with ut h inter ening-and expensive procesRe, , but so far with but 
littl u · . At present salt i u ed only for the commone t qualiti s 
f ·b ap 1 r d gla , and to retard the action of the pure soda a h 
pro u · 1 th Sol ay proce . 
·rrate of soda.- m little nitrate of oda (Chili saltpeter) i u e<l 
nt nd a a decolorizer. Depo it of thi, ' alt occur 
rm u qm ntiti at Tara1 aca, in P ru, where it formP 
a r •0 ul:u m b l · ar al o reported a exi ing in vada. 
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POTASH. 
As has been stated, the use of potash in the manufacture of glass 
is of comparatively r·ecent date. The small amounts, rarely exceed-
ing 2 per cent., sometimes found in ancient glass were derived from 
the vegetable sodas used, with which some potash is always associated. 
Some of the most expensive and beautiful glass of the present day, 
however, is made with potash. The Venetian glass houses of the Mid-
dle Ages, the products of which are held in such high repute, use_d pot-
ash made from the lees of wine and the ashes of fern. White Bohemian 
glass and the marvelously brilliant lead-flint of th,e English glass houses 
of to-day are potash gfasses. The use of potash in glass very mate-
rially increases its cost. As a result soda is used in its stead wherever 
it can be done. The soda-lime-flint for all ordinary uses has almost en-
tirely superseded the potash-lead-flint glass, and even in the manufacture 
of lead-flint the better and purer grades of carbonate of soda are taking 
the place, to some extent, of the more costly carbonate of potash. 
Carbonate of potash.-The form in which this alkali is mixed in the 
batch is as carbonate of potash. While the best carbonate of potash is 
obtained from the lees of wine, this is too expensive for the glass maker. 
In large quantities it has for many years been made from wood ashes, and 
more lately from the residue of the manufacture of beet sugar and wine, 
and from the mine1'JorJ.l carnallite of the Stassfurt mines. Potatoes, chest-
nuts, heather, sorrel, beet leaves, and tobacco stalks yield large propor-
tions of potassium salts, but only a very small percentage of the total 
make of the world is derived from these sources. The forests of British 
America, Russia, Hungary, etc., furnish large quantities of wood ashes 
for the manufacture of potash, and the industry is Rtill an important 
one in these districts. Large amounts of the carbonate are made from 
beet-root molasses, and the beet cake Jeft after expressing the beet juice. 
Grape cake is a source of supply, as is also what is called '' suint" or 
the wool of sheep impregnated with sweat; 100,000 kilos are produced 
from '' suint" annually. Some is also ma~e from the sulphate by the 
Le Blauc process. The potash resulting from the lixiviation of wood 
ashes is an impure carbonate which must be calcined and refined to :fit 
it for the glass maker's use, the quality of the glass depending upon 
the degree of purification. This refined potash is known as pearl ash. 
The chief sources of su"ppJy of potash are the French, German~ a.nd 
English chemical works, though the largest part of that used in this 
count~y is produced. here. Accordrng to the report of Mr. William L. 
Rowland. to the census office on Chemical Products and Salt, there 
were iu the United. States in the census year 68 establishments pro-
ducing potash and pearl ash, producing 4,571,671 pounds, valued at 
$232,643. There wai:; imported in the fiscal year ending June 30, 1880, 
crude potash to the amount of 564,807 pound , and bicarbonate and 
_pearl ash 405,941 pounds. 
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Of the remaining salts of potassium only the bitartrate an<l the ni-
trate are used in glass making, and to but a small extent. 
LIME. 
The use of lime as a glass-making material is of comparatively r~cent 
date. In the article on glass in Lardner's Cabinet Cyclopedia, pub-
iished in 1832, it is stated that "lime in the form of chalk is useful 
as a cheap flux," but that it "can only be used spari11gly," as it de-
stross the pots and clouds the glass. Six per cent. of lime is the max-
imum that can be used according to this author. 
Though the use of lime is a recent discovery, it is nevertheless true 
that lime is found in all glass, both ancient and modern, except the 
lead-flint. This is a silicate of lead and potash or soda. With rare 
exceptions, all the other glass of commerce is a silicate of soda or potash 
and lime. The lime found in glass, until within a few years, has Pn-
tered it with the soda or potash as ~, chance material, an impurity. lt 
is to its presence, however, that we owe the preservation of many of 
the beautiful specimens of ancient glass that have come down to us. 
All glass is more or less soluble, soda glass especially so. Lime mate-
ria1ly decreases this solubility, and it is the chance occurrence of lime 
in the ancient soda glass that bas preserved it in the dampness of t.be 
tombs and ground where so much of it lay hidden for centuries. 
Like most other materials, lime not only plays an important part in 
the reactions and processes that go on in the pot during the meltiug, 
but it imparts valuable properties to the glass. Glass rich in lime re-
quires a higher temperature to melt, and because of this is more de-
structive to the pots, but used in proper P,roportions it promotes the 
fusion, and aids in the decomposition of the materials and improves 
the quality of the glass. Lime glass cannot compete with lead glass in 
br1lliancy ; but it is harder, not so easily scratched, holds its polish 
longer, is more elastic and consequently tougher, will stand hight>r 
temperature , resists the action of water and chemical agents, and is 
very much more cheaply produced. Lime glass is also, because of the 
little difference in the specific gravity of tbe two silicates of which it is 
compo ed, le liable to become triated. In the manufacture of pla1 e 
gla , which i · ground and polished, it is found that gla 'S which i , 
rich in lime i harder to poli h than that which is poor in lime, but 
it hold it poli h better and longer. In a word, gla s which is rich 
ill lime i to b pr fi rr d by the con umer, but not by the producer. 
It ha been a rted bat lime glass i more liable tban other gla 
t d vitrify r to 1 it vitreous, gla y tructnre, and become crJ1 -
t llin . It i' pr abl that <l itrifi ·ation i the re ult of u ing an 
xc . f lim and i not du to th n of lime it elf, as the same 
pb 1 11 rn n· are b.' r ed wb n n xce, of and or lead i u ed. 
l in th b, tch both · , cau ·tic lime and as the carbonat . 
w 11 kn wn nd f uch common occurrence a to n ed 
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but little description. The carbonate of lime is one of the most abuu-
<lant and widely diffused of materials, occurring in many forms, as the 
non.crystalline chalk, limestone, oolite and calcareous marl, the minute, 
granular, crystalline marble, and the crystalline Iceland spar. Lime 
is prepared from any of these 'carbonates, usually from -limestone, by 
heating to redness, a red heat driving off the carbonic acid. 
Either caustic lime or the carbonate, limestone, may be used in the 
batch in connection with carbonate of soda; but with sulphate of soda, 
as a rule, only the carbonate, usually as powdered chalk or limestone, 
is employed, _though with sulphate the caustic lime is used. Concern-
ing the use and effect of these, Mr. Henry Chance says: ·' It is a curious 
fact that while as regards the qualit,y of the glass, chalk and limestone 
are found to answer equally well, glass made from the latter is harder 
and more difficult to grind than that which is made from the former. 
This may perhaps be ·due to the carbonate of magnesia which is gen-
erally present in limestone, but in a much smaller degree in chalk. 
Limestone possesses, moreover, the property of causing the glass to 
cool an<l set more rapidly when worked into shape." Lime, like all 
other glass materials, should be as free from impurities as possible, 
especially from oxide of iron. 
The localities in this country from which good lime can be obtained 
are so many as almost to preclude any statement of them. A large part 
of both the lime and limestone used by the window-glass manufacturers 
of Pittsburgll is from Blair county, Pennsylvania. The limestone ana-
lyzes as follows : 
.AnalysiB of Blair county, Pennsylvania, limestone. 
!~~f ~~~~::: :·:::::::::::::::;:::::::::: 
Carbonate of iron ..... --· ··-· ... ·----- ·--· --
Carbonate of magnesia .... . ... ···-····-- ... . 
Carbonate of lime ....... ·- · ........ --··-· .. . 












The lime-flint glass manufacturers of Pittsburgh use a different lime, 
chiefly from near Sandusky and Woodville, Ohio. The Sandusky lime 
analyzes as follows: 
Analysis of Sandusky, Ohio, limestone. 
Hydroscopic moisture ........ - ............. . 
Silica ........ .. . ..................... _. -···· 
~~f:f ~e~~~ii?;'~::.: : : : : : : : : : : : : : : : : : : : : '.:::: 
Alumina .... ...... . ... ...... . . ... .. ..... .. . 
Carbonate of magnesia, . ... . ........... ···- . . 
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The annual consumption of limestone in the glass works of the United 
States is about 3,500 tons, and of lime 900,000 to 1,000,000 bushels. 
CARBON. 
The use of sulphate of soda in glass making necessitates the intro-
duction of carbon into the pot to assist in its decomposition. The 
carbon is supplied by some form of coal rich in carbon, as anthracite, 
charcoal, or coke. As anthracite usually contains some iron, where 
purity of color is essential charcoal is the best. In converting the sul-_ 
phate of soda into the carbonate in the Le Blanc soda-ash process, the 
salt cake is calcined in a furnace with chalk and coal dust. When sul-
phate is used in glass making a similar decomposition must be effected. 
This is brought about in the glass maker's pots in the presence of the 
same substances. Lime is always used in the batch, and charcoal is 
added as stated. Glass can be made with sulphate of soda without 
carbon, but with difficulty. 
MANGANESE, 
The black oxide of manganese (pyrolusite)(a) has long been used as 
a "decolorizer" in the manufacture of glass. Most ancient glasses con-
tain it in small amounts, and it is probable that the "magnetic stone," 
which Pliny says was added iu the manufacture of glass, was manga 
nese. A common name for manganese, '' glass-makers' soap," derived 
from the French "sa-von des verriers," is given it from its use to remove 
the color o( glass. 
Just how it acts as a decolorizer is a matter of some doubt. It was 
Jong belieYed that its only effect was to change .by oxidation the pro-
toxide of iron, which givPs glass a decidedly green tinge, to the faint, 
yellow sesquioxide; bu: Liebig suggests tltat the effect is not simply 
chemical but optical, the amethyst color communicated by the manganese 
counteracting the yellow or greenish yellow tint of the sesquioxide of 
iron, iuto which the protoxide is converted. Mr. Thomas Gaffield sug-
gest that po ibly both effects are produced, the manganese giving up 
a portion of it oxygen and it coloring power to the iron, which is con-
verted into peroxide, givi11g a, yellowish color to the glass, which color 
i complementary to wbatev r of purple coloring power is left in the 
mangane ·e. 
A b ore of manganese are u ually so intimately a ociated with 
ir u, great care mu t b exerci ed in procuring manganese as free from 
thi lem nt po ible, or the sub tance to be removed will be in-
er a <l. Gr at car i al o necessary as to the heat of the furnace 
wh n u iug manga . If tile heat i too low the oxide i not reduced 
and th l , ha a pinki h ting , or" high color," a it i termed; while 
if th f rua i t h t it i completely reduced and a greeni h or 
l r i th r ult. ang ne e i al. o u eful for coloring glas 
• See al.so pages 550-566. 
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Some deposits of pyrolusite suitable for glass making are found in 
this country, but most of the deposits worked for manganese contain 
impurities that unfit it_ for glass. The manganese from the Crimora 
mine, Virginia, one of the chief sources of supply of this ore for the 
manufacture of ferro manganese, is too high in iron and cobalt for glass. 
At Powell's Ford, however, in the same State, a deposit is found that 
meets the requirements of glass making. This ore contains from 90 to 
95 per cent. of bin oxide of manganese, 0.02 per cent. of iron, and no COP· 
per or cobalt. 
A manganese much used .in the glass houses of the United States is 
a very pure pyrolusite from Nova Scotia. Analyses of this ore from 
the Crystal mine show from 90.50 to 98.05 per cent. of binoxide of man-
ganese and practically no iron. The ore is crystalline, soft, and easily 
reduced to powder. Saxony and Turkey are also sources of supply of 
this material. 
LEAD. 
The use of lead as a glass-making material, except in the production 
of artificial gems, is an English invention of the seventeenth century, 
and grew out of the use of mineral fuel in th·e glass houses of that 
country in the place of wood. This fuel required pots to protect the 
glass from impurities from the coal, which so reduced the amount of 
heat that reached the materials as to demand a better flux; and lead, 
which. is a powerful flux, promoting th_e fusion of the materials at a low 
temperature, was substituted. The result was not only to permit the 
use of the cheaper fuel, but the production of that most beautiful and 
brilliant of all glasses, the English flint. 
Glass made with lead is more dense, has a greater power of refraction, 
and is less liable to breakage from sudden changes of temperature than 
either soda, potash, or lime glasses. It is soft and easily worked and 
scratched, but is of surpassing brilliancy, being only excelled by the 
diamond. The glass used for the manufacture of artificial gems is a lead 
glass, and it is to the employment of this material that they owe their 
brilliancy. It is very probable that the use of lead in a small way in 
the manufacture of these gems, which ·antedated its use in flint glass, 
suggested to the English glass maker its use in the covered pots. Lead 
is also used in the manufacture of optical glasses. The history of its use 
for this purpose is exceedingly interesting, but c:mnot be repeated here. 
While two forms of lead, both oxides, are used in the manufacture of 
glass-litharge, the protoxide (PbO), and minium or red lead (Pb304)-
red lead is preferred to litharge both on account of its more minute sub-
division and because the 'oxygen evolved by its decomposition at the 
high temperature of the pots combines with any organic matter that ma;y 
be present, carrying it off, and also peroxidizes any iron that may be 
associated with the materials. 
Red lead is prepared from refined lead by simple oxidation in a fur-
nace of proper shape. Two forms are used. The oldest is the ordi-
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nary egg-shaped cupellation furnace with cold blast, the flame produc-
ing the oxidation, entering at one end and playing over the molten lead 
in the line of the longer axis of the furnace, passing out at the other 
end. The red lead is produced in flakes, which are blown out of the fur -
nace in a strong blast blowing in the direction of its shorter axis and 
across the flame, suitable channels being left in the furnace w;1,lls for 
the exit of the flakes on the side opposite to that from which the blast 
enters. This flake lead, as it is termed , which is a protoxide, is after-
ward heated in ovens to about 550°Fahr. and thus converted intominium. 
In this process the red lead best adapted to glass making is not that 
from the flakes first or last produced from a given charge. The foreign 
metals easily oxidizable, as antimony, pass off with that first oxidized; 
while those more difficult of oxidation, as copper and silver and bis-
muth, remain until the last. All of these oxides except the lead are 
coloring matter, and greatly impair the liwpid clearness which is so 
desirable in the glass in whose manufacture lead is used. The red lead 
from the flakes produced in the intermediate part of the process i8 pref-
erable for glass making. This cupellation process, with the subsequeut 
beating, is the one chiefly used in England in the preparation of red 
lead. 
In this country red lead is produced usuany by one continuous proc-
ess. A_ reverberatory furnace, with the oxidizing flame playing in 
from two sides is used, t.be oxide remaining in the dish of the furnace 
until the entire charge is oxidized. All of the metals, therefore, remain 
iu the red lead, and are diffused thu~ugh the whole mass. Lead for the 
ma,nufacture of commercial red lead, however, is first carefully refined, 
the silver, copper, antimony, bh,muth, arsenic, and other forejgn metals 
being removed, so that the total of impurities left in the oxide is exceed-
ingly small. The red lead produced by this process is.much better than 
that by cupellation. 
Con iderable red lead of the very best quality is produced in the 
United States from the "scraps" made in the process of corroding 
white lead. These scraps are the bard lumps of the imperfectly cor-
roded white lead, and are simply put into a neverheratory furnace and 
oxidized. A the lead used for corroding must be quite pure, the red 
1 ad made from the e scraps i al o very pure. The lead furnished cor-
rod r will analyze 99.99 per cent. lead, and is_ guaranteed by certain 
refiner to contain le' than 0.1 ounce of silver to a ton of lead. Indeed, 
ilver in exce of thi will de troy the whitene of the paint, giving 
it, gray tinge .. Practically no copper i left in corroder 'lead, while 
lrighly ar enical pig lead or ba e bullion are not used at all in the 
manuf cture of lead for corrod r . The ba e bullions mo t u ed in 
making thi grade of pig lead are tho e from Leadville (Colorado), New 
1: i Id b , and portion of Mont na and Utah. 
Th r I d made y orroder of thi c untry is nsaa1ly quite pure 
· 11 n f r gla making- qual, if not uperior, to that of foreign 
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make; but little of the latter being imported. The white lead manu-
facturers of Pittsburgh are supplying many of the glass works of that 
city with red lead that meets all of their requirements. Some of the 
glass works produce their own lead. One of the chief causes of poor 
red lead is imperfect oxidation. Some metallic lead remains with the 
red lead. This ca:µ be discovered by examination with a microscope.· 
It is stated that in England there is a great difference in the value 
of lea.ct from the ores of different mines for the manufacture of red lead 
for glass making, certain ores having an enviable reputation for this 
purpose. To what this is due is not fully ascertained. Percy thinks 
it may be to tbe presence or absence of copper. The English lead ore~, 
as well as the Spanii;;b-which are those now chiefly used in England-
are more of the character of the lead ores.of Missouri and Illinois, and . 
nnlike those from the Rocky Mountain district. With marked ex-
ceptions, based upon certain impurities existing in too great abundance . 
in the ores of certain mines, all the ores of the Rocky Mountain region 
uamed above are used for corroding and red lead manufacture. The 
guarantee of its purity is ' not the mine from which the ore is raised, 
for this is lost in the mass of base bullion, but the refiner's prand. 
POT OLAY. 
The pots or crucibles in which glass is melted are made from fire-
clay, which from this use is termed in the glass houses ''pot clay.''(a) 
In no part of the operations about a glass ;orks is greater care and 
~kill demanded than in the selection and preparation of the clay, the 
com,truction of the pots, and the setting of them in the furnace. 
Pireclay for pot making should be practically infusible, unctuous to 
the touch, break with a clear, smooth, bright fracture, be free. from lime 
and sulphide of iron, and contain as little oxide of iron as possible. 
'l'he shale or slate clay of Stourbridge, England, is a typical pot clay, 
aud is largely used. The clays of Andenne and Namur in Belgium, 
Forges-les-Eaux in France, Sargenau in Switzerland, Schwarzenfell in 
Bavaria, Klingenthal, the Palatinate and Bonn in Germany, and Glen-
borg iu Scotland, are among the best known of European pot clays. 
Iu this countr·y there are large deposits of excellent pot clays in many 
localities. Those that are used, however, are chiefly drawn from west-
ern Pennsylvania, Missouri, and New Jersey, though the clays of Mary-
land, Ohio, and Indiana are used to some extent. WLen American 
clay was first used it did not seem to give the satisfaction that its an-
alysis would indicate. This was owing to a lack · of skill in its prepa-
rntion, but as this has been acquired, American clay is rapidly gaining 
in favor. · 
About one:half of the clay used in this country is foreign clay, prin-
cipally German. Window, bottle, and plate-glass houses use the largest 
a See, also, pa~e 664. 
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proportion of German clay, some making their pots entirely of German, 
others of a mixture of German and American. Nearly all the fl.int 
houses use pots made entirely of American clay, although a few mix 
some foreign. It is found by experience that the American (Missouri) 
clay will stand a more intense heat than any other, but that the Ger-
man clay resists the action of the flux better; hence . the mixture of the 
two to overcome as nearly as possible the two difficulties. American 
clay is fast superseding German clay because of the hotter running 
furnaces that are now beiug used. The American clay is much purer 
than the German, is more refractory, but not as dense. It is much less 
expensive. 
The cpmposition of pot clay from different localities is given in the 
following table: 
Localities and kinds of clay. 
8toH~;!~~~ f:ef~~ '. ......... . 
Beet Pot ..... . 
Chance's ...... . 
Do .. .. .. . ............ . . . 















Crude .... . ... . 




. ..... do 
Crude . . . . . . . . . . . . . . . . . . . Chauvenet and Blair ..... . 
Washed . ................•••••. do ...•.•....•..•• . ... 
Blue Ridg~i..Mieeouri . ...... Weise . ............ . ..... . 
Oak Hill, .llllssouri .......... Chauvenet and Blair ..•... 
Chriet.y'e, Missouri . . . . . . . . . . . . . . . ........ . 
Thomae, Pennsylvania. . . . .. .McKeown .......•.. . ..... 
Blair county, Pennsylvania. .••............... . .......... 
Dixon's, New Jersey ....•... Professor Cook .......... . 
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The manufacture of the melting pots for a glass furnace is one of the 
most important, careful, and tediorn;; of the operations about a glass 
works. From the digging of the clay till it is refined, mixed, kneaded, 
and put into pots, and these are thoroughly dried, heated, and set in 
the furnace, two or three tears often pass. The pots themselves are 
costly, the setting difficult and expensive, and if they a1 e improperly 
made, or spoiled in drying, heating, or setting, and break, the entire 
batch frequently is lost, and in many instances consequential damages 
ensue from the delays and loss of output. The importance of having 
good pots is so great that many manufacturers are not willing to depend 
· upon outside makers to supply them, though this opposition to outside 
pot makers is not so great as it was a few years since. It is estimated 
now that about· one-half of the pots used in the country are not made 
at the glass works. The clay, having been allowed to riven or putrefy 
a sufficient time, is mixed into a thick paste with water and from one-
fifth to one-fourth of its weight of finely-ground old pots or '' potsherds,'' 
and is thoroughly kneaded by tramping ·with bare feet until it is of the 
toughness of putty. This mixture dries more. rapidly, contracts less 
when drying, and better resists the action of the fire and materials of 
the glass than the pure clay. 
English and American pots are made with<mt the use of mold8 or 
machinery. On the continent of Europe, however, machinery for their 
construction has been utilized and is largely in use, as is also a method 
of manufacturing pots in molds. These molds are of thick wood, strongly 
hooped with iron, and of the shape of the sides of the pots. A round 
mass of fireclay some 10 or 12 inches thick forms the bottom of the pot. 
Around this the mold, lined with strong cloth to prevent the adhesion 
of the clay, is placed. The lower portion of the sides of the pot is 
formed by beating down the middle of the mass of clay which forms the 
bottom, thus forcing up the outer portions against the side of the mold, 
the original thickne s of 12 inches at the bottom being reduced to about 
4 incbe . Upon the portion of the sides thus formed the remaining part 
of the ide of the pot i completed by building up with rolls of clay 
worked by the band against the sides of the mold. 
A indicated, Engli ~h and American pots are made without the use 
of mold , the left hand of the workman taking the place of the mold, 
upporting on the out ide the walls of the pot while he builds it up on 
th in ide little by little with his right band. Care must be taken to 
ke p the pot tirely free from air cavities. The pots are not built up 
at once, but ft r placing .a layer each pot i permitted to stand and 
t iog k car fully covered. A good pot maker and his a istants 
c n fu.rni · h u pot a day. After the pot are made, great care i taken 
t m th r ughl '. In 'ummer the natural temperature i suffi-
in ·int r h y are kept a from 60° to 700 F., care being 
' 11 w h m t fre ze. Th pots · re allowed to dry from 
th , and when they are ready for use their tempera-
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ture is very gradually and cautiously increased, first in a warmer room 
and then in the annealing arch, until they reach the temperature of 
thA working furnace, when they are immediately placed in the furnace 
or '' set." The soundness of the pots is tested by throwing a small 
lump o( coal against the side. ,If it :r;ings well it is regarded as a good 
pot, but if dull it will probably be short lived, though this test is not 
always conclusive. 1 
The setting of the pots is one of the most difficult and laborious 
operations at a glass works. Mr. Henry Chance remarks: "The terri-
ble task of setting these pots in the furnace falls upon the glass-house 
crew, and the nicety with which these enormous vessels are adjusted in 
their place, in the teeth of a consuming fl.re, 1is perhaps that. operation 
which, in the many marvels of glass. making, would most astonish a 
stranger to such scenes." 
The average duration of open pots is about seven weeks, but some 
attain the age of ten or twelve weeks, while others, as every manufact-
urer well knows, terminate their existence prematurely, either from the -
naturally defective constitution of the pot or from bad treatment in 
the pot arch, or, more frequently, from its having been "starved," that 
is, exposed to a current of cold air in the furnace through the neglect 
of the attendant. Flint pots have a much longer life, averaging per-
haps three months, single pots sometimes lasting ten months. In a 
10-pot lime-fl.int furnace, at Pittsburgh, but 21 pots were set in a year. 
The breakage of a pot often disturbs the furnace to such an ex.tent 
that the breakage of others frequently follows, and many weeks will · 
sometimes elapse before the disorganization thu.~ produced can be rec-
tified. The loss' of a pot and the_ metal contained is nothing as com-
pared with the injury which the glass in the surviving pots, and the 
pots themselves, are apt to sustain. 
2 M R--62 
MINERAL "WATERS. 
BY A. c. PEALE. 
That the production of mineral waters in the United States is a sub-
ject of increasing importance, especially when viewed in its commercial 
aspect, is evident not only from the fact that every year adds to the 
number o{ improved mineral springs in all portions of the country, but 
also that the imports of natural _mineral waters increased from 394,423 
gallons in the fiscal year 1873 to 1,714,085 gallons in the fiscal year 1883, 
and in 1884 dropped to 1,534,664 gallons, while, according to the reports 
received by this office, the domestic production of mineral waters put 
upon the market increased in the calendar year 1884 to 68,720,936 gal-
lons from 47,289,743 gallons in 1883. The returns for 1884, however, 
are fuller and more reliable than those for 1883. ' 
From an economic point of view mineral springs are interesting in at 
least three different ways: First, as places of resort they add to the 
wealth and population of their localities; secondly, the waters when 
bottled are shipped to distant portions of the country and not infre-
quently are sent abroad; and, thirdly, the bottled waters, or in some 
cases the salts left upon evaporation of the water, become a portion of 
the stock in trade of druggists and dealers in mineral waters. 
It has long been well known that the United States.abounds in min-
eral springs, among which all classes of water may be found. That the 
majority are unimproved is due mainly to the comparative newness of 
our country and the consequent sparsene s of population, especially in 
the Territories and extreme western States, and also to the fact that 
our prings have not a yet been made the subjects of careful and com-
plete inve tigation as in the case of so many foreign springs. Many of 
the spring allowed to run to waste would in most European eountries 
be of con iderable value. Still there has been an improvement in this 
re pect; and ewm now a mineral spring in this country is frequently a 
source of profit to .the owner. 
Detailed li t of the mineral springs and analyses of their waters 
have been compiled in connection witl:l the pre ent work, but are 
omitted for want of pace. They will appear in a eparate publication. 
Although the obj ct of thi paper i to pre ent a tatistical view, 
still it i nece ary to define the term "mineral wat r," e pecially with 
cope a u ed here. The definition will depend some-
point of view. Water i · it lf a mineral, and in a trict 
ater h lding ga eou or min ral ub ·tance , in olution are 
n mat r b w • all th quantity may be. t.,. nall, . 
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however, the term is restricted to those waters which contain an un~ 
usual amount of mineral matter or which are characterized by an un· 
usual degree of heat. I_n a therapcutical sense all waters that have an 
effect upon the animal body are mineral ·waters. Interesting as they 
are from a scientific standpoint, and important as they uudoubtedly 
must be in the elucidation of certain geological problems, it is mainly 
from their use as medicinal agents that they derive their commercial 
importance. Therefore in the foll~wing summary all springs have been 
iucluded which come under the bead of '' mineral springs," using the 
words in the widest sense of the definition, where the springs have 
been improved a,s resorts or where the waters have been pln,ced upon 
the market, and restricting the mention of unimproved springs so far as 
possible to those mineralized to a more or less . marked degree. The 
table being thus made fairly complete, the proportion of the mirn~ral 
springs utilized is easily seen. Many springs have been included which 
upon a hasty glance might seem to be unworthy of a place. It must 
be remembered in this connection that had the enumeration been ma.de 
ten years ago a large proportion of the springs now us6d as places of 
resort would have been reported as unimproved, and there is no doubt 
that future listA Will include many of the now unimproved springs 
under the head '·improved." Many of the noted resorts of Europe 
were once obscure villages, and owe their importance, and in some cases 
world-wide celebrity, to the discovery and improvement of mineral 
sprtlgs. The building of a railroad near a mineral spring, furnishing 
easy access to it and a mode of transportation for the waters, or the 
increase of population in the surrounding district, are often factors in 
the development of mineral springs, and will doubtless increase the 
importance of many of the unimproved springs. 
MINEBAL•SPRING 100ALITIES • 
.Alabama.-Although but few of the mineral springs of Alabama are 
used commercially, many are important as places of resort, and several 
are well known throughout the country at large . 
.Alaska.-The hot and mineral springs of Alaska, according to Dr. 
William H. Dall, are both numerous and important. There are many 
springs which do not freeze even during the most severe weather, and 
which are therefore properly thermal springs. As far as learneu, none 
of the waters of the Alaskan springs have ever been analyzed . 
.Arizona.-The table is probably not complete, as alkaline, sulphur-
eted, and saline springs are so numerou8 in some portions of the Ter-
ritory as not to be taken notice of. Only the principal springs are in-
cluded. . As far as can be ascertained, every one is unimproved. Ther-
mal springs abound, and will doubtless be utilized as the country be-
comes more thickly populated. 
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Arkansas.-Among mineral-spring States Arkansas occupies a prom~ 
inent place. · The reputation of her famous Hot Springs, which have 
been known from the earliest years of this century, having attract~d 
attention to the subject, has probably led the people of the State to 
appreciate the v.alue of their springs, and therefore, in proportion to 
the population and the number of springs in the State, a larger number 
have been i~proved than in any other State, with the possible excep-
tion of Calif~rnia. 
Oalifornia.-The Pacific coast is remarkable for the number of its 
mineral springs, and California stands at the head of the list, having 
probably more than any other State, east or west. A large number of 
the California springs are utilized, and are annually visited by thou-
sands of persons. Many of the springs are thermal; for volcanic rocks, 
with which thermal springs are naturally associated, are found in many 
portions of the State. A large number of the springs are in compara-
tively inaccessible regions and of course are little known, much less 
used as resorts. One spring in Inyo county is considered so valuable 
that the water is transported first on pack animals 40 miles and then 
by rail 60 miles to San Francisco, where it is sold at a high rate. The 
Geysers, in Sonoma county, are probably the best known springs in the 
State. 
Oolorado is rich in mineral springs, both hot and cold, and a fair 
proportion, considering the newness of the State, have been improved. 
Manitou is the best known resort. 
Oonnecticut.-The mineral springs of Connecticut are comparatively 
unimportant. They are mainly weak chalybeates, the majority of which 
are unimproved. The proximity of Saratoga Springs seems, to have 
affected them so far as extensive use is concerned. Prof. C. U. Shepard, 
in writing of them in 1837, speaks of the springs at Stafford as being 
the mo t important in the State, which is still the case. A number of 
others, however, eem to have considerable local reputation. 
Dakota.-Information a to mineral springs in Dakota is meager, and 
the data are in u:ffi.cient for the making of a complete list. In some of 
the outhea tern countie are springs and wells in which the water is 
aid to be chalybeate, but . correspondence does not develop much in 
relation to them beyond the fact that they are unimproved. In various 
portion of the Territory alkali is quite abundant in the soil, and the 
wat r pa ing through it naturally becomes impregnated. Localities 
of bi kin l ar found along the Little Missouri and in the Black Hills. 
In ewto and Jenney' report on the geology of the Black Hills the 
following t t men i made: ' Spring i suing from the black elay-
h 1 f the retaceou on Beaver creek were found to be strongly 
nd rin n to the ta te, turning blue litmus red, and probably 
lum an free ulphuric acid. Similar spring were reported 
i r Buff 1 ate, on the southwestern ide of the Black 
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Hills." The Chicago and Northwestern Railway Company bas bad sev-
eral wells and springs analyzed, and these are shown to be mineralized. 
Delaware.-Chalybeate springs are numerous in various portions of 
the State, but they are of little importance. 
District of Oolumbia.-Many of the wells and springs/within the 
limits of the District are slightly chalybeate, but none, even the strong-
est, is of sufficient importance to warrant its inclusion in the table. 
At Uniontown or Anacostia, opposite Washington, is a well the water 
of which is said to be quite str_ongly impregnated with iron. Springs 
of similar character exist in the vicinity of Le Droit park, northeast 
of the city ; and a well now filled in or unused on Louisiana avenue 
between Ninth and Tenth streets, in Washington, is said to have been 
strongly chaly beate. 
Florida.-The springs of Florida are noted for their size rather than 
the great quantity of mineral matter they contain. Some of the streams 
proceeding from them are large enough to float steam boats. When min-
eralized, sulphureted hydrogen gas seems to be the principal ingredient. 
Most of the springs in the southern and eastern parts of the State 
would be classified as weak sulphur springs. In the northeastern por-
tion of the State, in the vicinity of Jacksonville, the springs are more 
frequently chalybeate. The temperatures of the Florida springs are 
remarkably uniform summer and winter, and the springs that are 
utilized are mainly winter resorts. None of the waters are sold. 
Georgia.-In the few general works on the mineral springs of the 
United States very little space is given to Georgia. Only :five or six 
localities are usually enumerated; whereas the State has about thirty 
which are more or less improved as places of resort. 
Idaho.-Thermal springs are frequent in Idaho, as would naturally 
be expected when its geological structure is remembered. The coun-
try is principally mountainous. and where it is not so is covered to· a 
great extent with lava flows. Granitic and volcanic rocks prevail, and, 
in connection with the mountain corrugation, present favorable condi-
tions for the development of warm and hot springs. Many are used 
for bathing. None of the waters are used commercially. 
Illinois appears to have a fair proportion of mineral springs, among 
which cbalybeate and sulphureted waters are most numerous. 
Indiana is prominent among the northern central States in the number 
of its known mineral springs. As in the case of its neighbor, Illinois, 
chalybeate and sulphureted waters are most abundant. 
Indian Territory.-Tbe list of prings for this Territory is doubtless 
I 
incomplete so far as the actual number of springs is concerned, as very 
considerable portions in the western and northwestern sections are 
comparatively unknown. Several of the springs are places of resort. 
These are used mainly during the summer by persons who camp near 
them so as to use the waters for medicinal purposes.. The localities as 
far as reported are unimproved. 
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Iowa.-Mineral springs are not common in Iowa, although many 
wells, both artesian and ordinary, are frequently charged with mineral 
matter. The occurrence of acid springs is notable and interesting. 
Kansas.-The mineral waters of Kansas are derived mainly from 
artesian wells and are principally saline and sulpho-saline. and have 
been -developed t~ a certain extent. Many of them have considerable 
local reputation for medicinal effects. 
Kentucky occupies a prominent place as a mineral-spri11g State, not 
only from the number of its springs, but also on account of the quality 
of the waters. Some of them are among the most remarkable in the 
country, and are found on sale in the East and West, North and South. 
The majority, however, are still dnimproved and neglected, although a 
large number are used as local resorts during the summer seasQn. 
Louisiana.--Data as to Louisiana springs are somewhat meager. 
None of the waters are used commercially, and those springs utilized 
as resorts appear to be mainly of local importance. 
Maine.-A considerable portion of the mineral springs of Maine are 
utilized both commercially and as resorts. They are all cold, none be-
ing warm enough to be considered therma~, even in the widest use of the 
term. They. belong to the classes of chalybeate, sulphureted, alkaline, 
and saline springs. 
Maryland.-The general works on mineral springs give no space to 
Maryland, and Dr. Pepper's list includes but one locality, the Carroll 
White Sulphur Springs of Alleghany county. The State has, however, 
a con iderable number of quite important springs, and many that are 
unimportant. 
j}iassachusetts.-The mineral springs of Massachusetts are few in num-
ber anc.l of little note. They are mainly chalybeate. A few are used 
commercially, and ome were at one time well kept and widely known 
asTesort . At present few are improved. The Hopkinton springs were 
not d at one time and largely resorted to, but at present are not util-
ized to any great extent. 
Michigan.-Tbe mineral water of Michigan are derived principally 
from well , although the e are termed mineral springs. Many of these 
well ar artesian and were unk originally for other purposes. A large 
num r ar popularly caned "magnetic," from supposed magnetic prop-
rti of th water. 
11Iinnesota.-At pre ent only a few of the springs are developed. 
Mi si ippi.-The mineral pring of Missi sippi are numerous, and 
,- r l f them hav con iderable reputation beyond the limits of the 
t, t . In rtaiu 1 aliti the great •r portion of the well and springs 
i crhly mineraliz d and appear to be used exten ively, and sometimes 
in<li rirnin t l:v, by th re ident for medicinal purpo, e . The number 
f w t r u · <l mru r i lly i mall. 
ill" 11 tri.-Thi.' ,·tat i rich in min ral prini ; but comparatively 
fi w f th ru ar i, pr v •d. A far a known, the springs are imilar to 
• 
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most of those in the adjacent States, a,s would be expected. the f.{eologi-
,cal formations being similar. , 
_Montana.-The proximity of the Yellowstone National Park to Mon-
tana; and the fact that the readiest access to the park has been from 
that Territory, accounts, possibly, for the fact that so little bas hitherto 
been published in relation to its mineral springs in genera.I works. The 
wonderful pheuomena of the geyser regions have overshadowed the 
lesser springs. Montana, however, possesses many important springs, 
.among them one which bears a close resemblance to t.he celebrated 
Apollinaris spring of Prussia. Several localities of thermal springs 
have been improved and used extensively as resorts. The majority of 
the springs are thermal and are found in the western and more mount-
.ainous portions of the Territory. 
Nebraska.-Nebraska is one of the few States for which no mineral 
springs are reported. Springs of any kind are of comparatively infre-
quent occurrence, particularly in the western portion of the State, 
though, doubtless, the waters of certain portions, as in the neighboring 
.States of Kansas and Iowa and in Dakota, will be found to be somewhat 
mineralized when artesian and other wells are sunk. Salt springs are 
found in the eastern part of the State, also near the head of the Elkhorn 
and Loup rivers. There is a saline artesian well at Lincoln, but so far 
.as known none of the salt springs are used medicinally. 
Nevada.-Nevada' occupies a prominent place among mineral-spring 
States. Springs both hot and cold (the former predominating) are found 
ju every county. The warm or hot springs are found mainly in connec-
tion with geological fault lines, or fractures in the strata. Many have 
been used by the Indians for medicinal purposes. A number are utilized 
in the same way by the whi:es, and in case of the hot and warm springs 
for bathing, with beneficial results in cases of rheumatic diseases. 
New Hampshire.-Although the mineral springs of New Hampshire 
.are utilized as resorts to a considerable extent, they are not as a rule 
highly mineralized. A fair proportion are used commercially and have 
.considerable local reputation. 
New Jersey is not conspieuous for the occurrence of mineral springs. 
Unimproved weak chalybeate springs could doubtless be found in many 
vortions of tlie State, but they would be of little importance. 
New Mexico.-It is probable the list is far from complete. Alkaline 
and saline waters. botll hot a.nu cold, are doubtless more prevalent in 
- -certain portions of tlie State than are pure waters. Many of the hot 
prings have a widespread reputation, and some were doubtless used 
years ago by the Franciscan and Dominican friars, antl prior to that by 
the Indians. 
New York.-N ew York is distingui bed among her sister States by the 
number of her mineral springs. They are also of great variety and 
many are ources of profit to their owner . The Saratoga springs are 
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the most widely known of American spring.':!, and Saratoga has many 
namesakes in other States. 
North Carolina enjoys the distinction of being one of the two States 
on the Atlantic coast possessing hot springs. Otherwise her mineral 
springs are not different from those usually fonnd along the coast or in 
the region of the Appalachians. Chalybeate and sulphur springs are 
of common occurrence. A fair proportion are places of resort, and a 
few are used commercially. 
Ohio.-Prof. Edward Orton, of <Jolumbus, says, referring to the belt 
of black Devonian shale which traverses the State from Lake Erie to 
the Ohio "\"alley: '' This formation as a rule yields but little water; the 
springs issuing from it, except at the very base, are weak, but they 
carry iron and sulphur almost everywhere. In Adams county, for ex-
ample, if there is one mineral spring there are thousands. Four are 
credited on the list. One of these is a place of resort, but the others 
are identical in character with hundreds of others on all sides. They 
have come into recognition possibly through the superior intelligence 
or energy of their proprietors,' who call attention to them in one way 
or another. What is true of Adams county is equally true of Scioto, 
Pike, Ross, and Pickaway, and to a less extent of the northern counties 
that hold the shale. The list in Dela ware county might be increased to 
hundreds. The springs issuing from the base of the formation often 
have good volume, and these make a group by themselves. The 
same remark applies to the so-called chalybeate springs derived from 
the Drift formation." '' There are considerable districts in which a bed 
of bog ore underlie the Drift beds, and all wells and springs in these 
districts might be called cbalybeates." 
Oregon.-Oregon iR well supplied with valuable bot and cold mineral 
spring . Many are improved and utilized for medicinal purposes, es-
pecially in the western portion of the State. Warm and hot springs 
are numerous. 
Pennsylvania.-Very little has ever been published with especial ref-
erence to Penn ylvania mineral waters. Several of the springs h9.ve 
been popular re ort for y ar , as in the case of the Bedford springs. 
Other , a the Bath pring at Bristol, have declined in importance. 
The latter wa a re ort in revolutionary times. Some of the springs, 
like tho'e at Ephrata, Yellow prings, and Caledonian springs, are 
place of ummer r ort, but the waters can scarcely be called mineral 
water , a th y are merely notable for their purity and their situation. 
Rhode L·land.-So far a known there i no record of mineral springs 
exi ting in Rhode I land. A reference to a pring said to be near 
o n ck t wa received, but nothing could be definitely learned in 
regard to it. Ther may po ibly be a few unimportant springs in the 
tate, nd if o th rare likely to be imply weak chalybeate water . 
'outh Carolina.- hal at pring are said to abound in this State. 
fan f th . prin . hav con iderabl reputation at home, and several, 
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Glenn springs among them, are well known beyond the State limits. 
Some of the artesian wells in the Charleston district 1,ossess medicinal 
properties. Only one spring, ~o far a8 reported, has any commercial 
importance. 
Tennessee.-The geological formations of Tennessee being the same 
as those in the adjacent part of Kentucky and in the northern part of 
.Alabama, the mineral springs are naturally of the same general char-
acter as those found in these States. They occur in all portions of the 
State. Many springs are used to a large extent locally, and several as 
places of resort rank with any in the adjoining States. Very few are 
used commercially. 
Texas.-There are at least fifteen localities in the State that are 
places of resort~ and there are a great many springs the waters of which 
have at present only a local reputation. There are mineral spring& in 
thirty counties. The Lampasas springs, the Sour' Lake springs, and 
Hynson's iron springs appear to be among those most widely known. 
Utah.-.A.11 the earlier explorers and travelers who crossed Utah 
noted the presence of mineral waters and of thermal springs, especially 
in the region of Great Salt Lake. They occur mainly in connection with 
faulted strata and are generally strongly saline and frequently sulphur-
eted. Only a few are used as resorts even locally, and none are known 
to be at present of commercial importanee. The springs near Salt Lake 
City are best known and most used. 
Vermont.-The springs of Vermont are not unlike those of the other 
New England States, and most of them have been known for a lorig 
time. Clarendon springs were used as long ago as 177 6. 
Virginia.-"Virginia occupies the same position among the south .At-
lantic that New York does among the north .Atlantic States in respect 
to the number and variety of its mineral springs. More than fifty 
localities are places of resort, and among them are some of tbe most 
famous in the country. .Although the spring area proper is in the .Ap-
palachian region, mineral springs ar.e also found east of the Blue Ridge 
on the more level country -that stretches toward the coast. 
Washington.-The number of mineral springs is small. The Medical 
lake is the best known spring and the only one · that is now of com-
mercial value. .As the Territory becomes more settled the number of 
knowri springs will <loubtless be increase<l. 
West Virginia is noted for its mineral waters. They are thermal, 
saline, chalybeate, alkaline, carbonated, sulphureted, and acid. The 
best known springs are in the eastern and southeastern portions of the 
State, especially in the .A.Jleghany mountains. There are, however, 
several well-known and important springs and mineral wells in the 
western counties. When the central portion of the State, which is 
rugged and ,mountainous, becomes more settled many springs will prob-
ably be di covered. 
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Wisconsin possesses valuable mineral waters, many of which have a 
reputation and are largely sold in all portions of the country. 
Wyoming.-The table includes twenty-seven localities, exclusive of 
the Yellowstone National Park, in which there are a dozen sub-localities 
and more than two thousand springs and geysers. As the Territory 
becomes better known the list of springs will probably be largely in-
creased, especially in the northern portions of the Territory. The 
water from a spring at Soda Butte in the National Park is sometimes 
seen on sale in Montana: 
Mineral springs of the United States. 
States and Territories. 
North Atlantic States: 
Maine .........•••...•...•••••••••••.•••••••••••.... 
~::n::r~~~~:::::::::::::: ::: : : : : : ::: : ::: : : : : : : : 
Massacbuaette .•...•..•..••.•••••..•.•.••••••.•••••. 
Connecticut .....•..•••...•....•....•..•••••..•..•.. 
. New York .......•.....•••.•.•••••.••••.....•••••... 
r::n:;r~Kti:: :: : :::::::::: :::: :: :::: :: :::::::::: :: 
South Atlantic Stat.es: 
Delaware ................•••..•...••...•••...••..... 
!f ~;.f:::;;: ;: ; :: : : : ~) ~ ~ :::: ::; :: : : : ~ ~:;:: 
South Carolina. ................••...•••.•.•...••...•. 
iri:i::: :: : : : : ::: :: : : : : : ::: :::: :: ::: :: : : ::::: ::: ::: 
Northern Central States: 
Ohio ...................................... . ........ . 
Indiana ......•....••••••....•...••...••.•....•••.... 
Tilinoia ... .... ........ •..•••..••••••.......•••....•. 
~~~~:a~:::::::::~:::::::::::::::::::::::::::::::: 
Minnesota. ........ ...••..••....•..•..•.•.••••..••••• 
~:~~i::: ::: : : : ::: :::::::: ::::::::::::: :: : :: :::: :: 
Dakota. ...•.... ..••..•••.............•...•....•••••• 
Kan as . ........................................... . 
Southern Central Stat.es: 
¥:~!!~:le:::::::::::::::::::::::::::::::::::::::::: 
Alabama ... ....•..... .....•...•• .•...•..•••••••••... 
~~!~~:tt. :: : : : ::: : : : :::::: :::: :: :::: ::: : ::: : :::::: 
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PRODUCTION. 




1883 1884. I °t: . 
'~§ 
~ ~ 1··-- ~ .. . -· 
0;... 
' ' ~-~ .0- Gallons so1<1. \ · Value. Gallons sold. Value. 
i §~ 
:z..s 
North Atlantic States ..•••••.•....•... 38 2,470,670 . $282,270 3,345,760 $328,125 
South Atlantic States ..••••..••.••..•. 27 312,090 64,978 464,718 103,191 
Northern Central States ..••.••.••..... 37 41,196,129 343,480 60,576,141 626,862 
Southern Central States ......••••..••. 21 1,441,042 139,973 1,526,817 147,112 
Western States and Territories ...•••• 6 169,812 52,787 307,500 85,200 
129 45,589,743 883,483 66,220,936 1,290,490 
Estimated for localities not reporting •. 60 1,700,000 256,000 2,500,000 375,000 
Total .••••..•••••..••....•..••... 189 47,289,743 1,139.483 68,720,936 1,665,490 
IMPORTS. 
Mineral waters imported and entered for consumption in th.e United States, 1867 to 1883 
inclusive. 
I ,' I . . I In bottles of 1 quart I In bottles in ex· : Not in bottles. l All not artificial. 
Fiscal years or less. 1 oess of 1 quart. , 1 ' 
~n~i! une ! ! ; Total. 
__ ___ _ ,11Quantity.
1 
Value. !Quantity. : Value. ;Quantity. :_va1ue. 1Qua.ntity. Value. __ _ 
Bottles. / ' Quart.s. ; I Gallons. , 1 GaUon,. 
1861 . . • . . . . . . 370, 610 I ~24, 913 3, 192 i $360 
1 
....... . . .. : $131 . . . . . . . . . . . . . . • . . • . . $25, 410 
1868 . . . . . . . . . 241, 702 18, 438 22, 819 . 2, 052 554 J 104 . . • . . • • • • . . • • . . • . • • • 20, 594 
1869 . . • • . . • . . 344, 691 . 25, 635 9, 739 . 802 ! 1, 042 ! 245 . . . . . . . . . . . • . • . • . • • . 26, 682 
1870 . . . . . . . . . 433, 212 30, 680 18, 025 1, 743 ,, 2, 063 : 508 . . . . . . . . . . . • • • • • . • • . 32, 931 
1871 . . . . . . . . . 470, 947 34,604 2,320 174 1,336 / 141 . • . . • . . . . . . . . . . . . . . . 34,919 
1872 . . . . . . . . . 892, 913 67, 951 .•••••......•...•. ! 639 I 116 . . . . . . . . . . . . . . . . . . 68, 067 
1873 .. ...... . , 35,508 2,326 ·•·····•·· .....••. 355 j 75 394,423 $98,151 100,552 
1874 . ..•. . ... , 7,238 691 .••••......••..••. , 95 I 16 199,035 79,789 80,496 
1875 . ..... .. · 1: 4, 174 471 .•. . .. . . .. .••..... 5 i 2 395,956 101,640 102,113 
1876 . ....... 25,758 1,899 .•.....•.. .••.. ... : ..• .. .••. +······· 447,646 134,889 136,788 
1877 . . . . .. . • . 12, 965 1, 328 .•••.•..•......•• · 1 · ........ ·1 22 520, 751 167,458 168, 808 
1878 ... .. . ... / 8,229 815 . .•. .. . ••. . . •. .• . . ..•• •• . • .. . ••. . . . . 883,674 350,912 351,727 
1879 . ... .... · J 28, 440 2, 852 .•.•...•....•...•. I 3 4 798, 107 282, 153 284, 509 
1880 .. ...... · , 207,554 19,731 .• .•.. . ... . .. ..•• . ,....... ... . ... . ... 927,759 285,798 305,529 
1881 ...•..•. -1 150, 3.26 11, 850 . . . • . . . • . . . • • . . . • . 55 1' 26 1, 225, 462 383, 616 395, 492 
1882 . . . . . . . . . 152, 277 17, 010 .•••.•.....•...... I . •.••...•...•..••. 11, 542, 905 410, 105 427, 115 
1883 ········ 88, 497 7,054 . · ····· -· ·· ····--·· :·········· ········ /1,714,085 441,439 . 448,493 
In 1884 the imports were as follows : 
I 
! Gallons. Value. 
Artificial mineral waters ...•....••••... . ........•••...••....••........••. 1----29, 366 $4, 591 
Natural mineral waters . • • . . . . . . . . • . • • . . . . . . • • • . . . . . . . • • • .••••••.••..... , l, 505, 298 362, 651 
Total . . . • . . . . . . . . . . . . . . . . . . . . . .• . . . . . . . . . . . . . . . . . . . . . . ..••..••...•. If-__ l._5_34,_6_64_,. ___ 367_,_2'2_ 
EXPORTS, 
Exports of natural mineral waters, of domestic production, from &llt: United States. 
Fiscal yeare ending June 30- Value. FiSOlltl years endin~ J nue 30- I Value. 








g lr::::::: :::::: :::::: ::::~~ :_:>::::::::
1
1 •1• m 
r.880,. ................. .. ... . ..... . ....... . 
'fhe exports of artificial mineral waters are i11si1?wticant. 
HISTORICAL SKETCH OF MINING LA-W. 
BY ROSSITER W. RAYMOND. 
The question of the nature of private ownership in mines, and of the 
relation of the State to both public and private lands containing valu-
able mineral deposits, may be discussed either upon general grounds of 
public policy and political theory or by the historical method of study-
ing its development in society and through custom and law. In other 
words, we may inquire what the rights and the duties of the state ought 
to be, according to certain assumed principles, or we may inquire what 
they have come to be and are likely to become, through the actual ex-
perience of nations, and of our own nation in particular. Aud, having 
settled this point, we may take up the further inquiry, What part of 
these governmental powers and duties belongs to the national author-
ity, and what must be left to the several States 1 
A priori, it may be said that the Government acquires jurisdiction of 
a peculiar character over the mining industry by reason of the unique 
character of the industry itself, as constantly tending towards a perma-
nent exhaustion of the natural resources of the land. The deteriora-
tion of soils through ignorant or reckless agriculture may be cured in 
time by wiser methods ; forests wantonly destroyed may be replanted ; 
fishing ground left to themselves or restocked artificially may recover 
their prolific abundance of supply, but coal, iron, copper, lead, petro-
leum, gold, and silver will not come again within the history of the 
human race into the places from which they have been extracted. A 
wa te of them is a waste forever. 
It i true that neither the world in general nor any country so large 
and o richly endowed by nature as ours is in immediate danger of 
the actual exhau tion of it mineral resources. The time when all the 
coal will have been burned up or all the iron will have been mined is 
till too remote to have any pecial bearing upon political economy. 
But hi tory i full of examples of local and (so to say) commercial, 
though not actqal, exhau tion of such resources. Abandoned mining 
di tric even on the virgin oil of the United State , are a familiar feat-
ure, while in older countrie the e landmarks of former industries and 
civiliz tion are numerou enough. To take a triking in tance at 
ho w ma reflect upon th extraordinary dm·elopment of the pe-
trol um production of the United States and the urpri ing pectacle 
which it pr · nt to-day of an immen e overproduction and a corre-
8"QOD ·ngl depr sed market, coupled with the approaching certainty 
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of a co111vlete exhaustion of the territory known to be oil-bearing. It 
is notorious that this industry, left to itself without governmental in-
terference, has been conducted with such recklessness that even 'the 
records of experience gained in it have been lost for the most part, and 
the sources of supply have been in many cases needlessly impaired, 
while the supply itself has been wasted. Considering the national im-
portance of thi~ article, both for domestic comfort and for foreign trade, 
we are tempted to believe that a governmental regulation of the pe-
troleum business would have been justifiable and beneficial. 
But reflection may convince us that it is, on the whole, wise to leave 
industry untrammeled, even at the risk of occasional loss of public 
wealth, which a strict supervision might have saved. At all events, a 
democratic Govemment is not well adapted to assume the paternal atti-
tude. In the long run, it is not likely to know more about the needs of 
the country, or of any individual industry in it, than the citizens en-
gaged in that industry. As Herbert Spencer has pointed out, it is con-
spicuously unfitted to do those things wllich, in his opinion, Govern-
ment ought not to try to do; and its well-intentioned endeavors to 
control the acts of the citizens are likely to be blunders in policy, while 
they are almost certain to become encroach.men ts upon liberty. We 
leave, therefore, even the waste of timber, anthracite, and petroleum to 
the operation of self-interest, and exert the authority of the. state only 
so far aR may be necessary to preserve the public peace and safety, and 
to secure the mutual respect, among individuals, of individual rights, 
putting the mining industry, in this respect, on the same basis as any 
other. We have, perhaps, gone too far tn this direct.ion. Better so 
than to have gone too far in the other. The following passage from the 
address of Hon. Abram S. Hewitt, president of the American Institute 
of Mining Engineers, in 1876, on "A Century of Mining and Metallurgy 
in the United States" (Transactions of the American Institute of Min-
ing Engineers, Vol. V ., page 183), states the 1Uatter in a nutshell: 
"Turning to the State and Territorial legislatures, we find that they 
have, in some cases, provided for inspecting mines in the interest of the 
safety of workmen. Perhaps the best law of this kind is that of Penn-
sylvania, in which State the peculiar perils of coal mining have forced 
the legislature to take measures of protection. But we find nowhere 
such a technical control of mining as is exhibited in many European 
states, where the Government requires of the miner that he shall not 
waste wantonly or ignorantly the resources which, once exhausted, will 
never grow again. Our people waste as much as they like and no one 
interfei:es . . Admitting that this is an evil, it still remains a matter of 
doubt how far, under the circumstances of our particular case, the super-
vision of authority could remedy it. For my own part, though inclined 
to restrict as far as possible the functions of Government, I am not dis-
posed to say that for so great an end as the conservation of the mineral 
wealth of the country it may not properly enforce some measures of 
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economy with as good right as it may forbid the reckless waste of tim-
ber or the slaughter of game out of season. But in our nation, at least, 
governmental interference is the last resort, and a poor substitute for 
other causes, which, in the atmosphere of freedom and intelligence, ought 
to be effective. We are, perhaps, in our material career as a nation, like 
the young man who bas' sown bis wild oats,' and now, by mature rdflec-
tion and the lessons of experience, is likely to be better restrained than 
by the hand of parental authorit,y." 
The other method of inquiry above referred to, namely, the historical, 
is worthy of greater attention than it has received with relatio!l to this 
subject among.American authors. The present writer has given in the 
article "Mining," in Lalor's '' Cyclopedia of Political Science," an out-
line of the history of mining jurisprudence, which may be consulted 
by those who are interested. For readers of German, the files of the 
Zeitschr{ft fur Bergrecht, a quarterly magazine edited and pubHshed at 
Bonn, Germany, by Bergba.uptmann Brasgert, afford a treasury of in-
formation and acute criticism. Acknowle<lgment is here made particu-
larly to a paper on the taxation of mines by Dr. Ad. Arndt, of Halle-
an-der-Saale, published in that magazine, Vol. XXIII (1882), page 18, 
from which man_y facts have been taken. Another authority of which 
abundant use has been made is the dissertation of Dr. J. F. Reitemeier 
(Gottingen, 1785), entitled "Gescbichte des Bergbaues und Hiitten-
wesens bei den alten Volkern." 
The purpose of this paper is to present such an outline of the hist,ory 
of mining law, and its present form in other nations, as may facilitate 
an intelligent study of the questions presented by the relations of the 
mining jndustry to the Federal, State, and Territorial governments of 
thi country. 
ANOIENT ~IINING TENURES. 
Prellhtoric mining.-So far as can be inferred from the traces which 
remain ( uch a the exten i ve gold and copper workings of a nomadic 
pre-Tartar rac in Siberia, the ancient copper mines of Lake Superior, 
the mica mine of North Carolina, the turquois mine of New Mexico, 
etc.) the earlie t mining wa appar ntly carried on by individuals and 
without permanent owner hip of land. But the nature of the industry, 
even mor than that of agriculture, tend to fixit.y of tenure; and this 
i th cret, iI fact, of the intimate relation between mining and civil-
iz tion. i ilizati n involve ortler and law-that i , the protection of 
pror rt an h nforc m nt of contract -and thus permits the in-
v tm nt, a di tingui h d from the boarding, of wealth. Mining and 
the ruanufa tur d eud nt upon it both require and create civiliza-
tion, u r at r ext m than nomadic pur uit , or even agri-
cultnr , th . r quir fix d capital, operate for future profit, and are 
n 1 t run w h n thr at n d. 
Pham 'cian and Egyptian 1nining.-tt i , th refore, not urpri ing that 
un r t rl civiliz ti n in which de pot controlled both wealth 
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and labor, mines should appear as royal property. Originally acquired, 
with all other forms of property, by conquest, they were retained by the 
conquerors. Sometimes' enterprising adventurers, like the Phrenicians, 
traded throughout foreign countries, buying not only the metals but 
also mining rights. In other cases sovereigns operated their own mines 
by the labor of purchased slaves, convicts, and prisoners of war. The 
descriptions of the horrors of the Egyptian mines, furnished by classic 
writers~ are often quoted. 
Greek mining'.-The petty sovereigns of the Grecian islands were 
mainly the owners of their mines. There is a record of one instance in 
which a mine royalty was paid amounting to one-tenth the gross prod-
uct, namely, by the gold and silver mines of Siphnos to the Delphic 
Apollo. The drowning of the mines by the rising of the sea, at a later 
day, was attributed to the anger of the deity at the discontinuance of 
this religious tribute. 
The republic of .Athens owned extensive mines, which were leased in 
" claims" of size fixed by law. The I essee or "locator" paid to the state 
a certain fee for bis privilege, and also one twenty-fourth of the gross 
product. At the beginning of the Persian war the annual income from 
this source was about $30,000, which was distributed among the citi-
ze_ns. There were also extensive mining operations in the provinces of 
the Macedonian Philip, which fell, with the rest, into the hands of the 
Romans. 
Roman mining.-The Romans found the art of mining actively prac-
ticed by many of the European tribes which they overcame. The iron 
of Elba, the gold of Lombardy, the gold, silver, copper, and iron of 
Gaul, and the gold, silver, lead, iron, and tin of Britain, were known ' 
to them. Above all, the mines of Spain, Sicily, .and Sardinia, which 
had made Carthage strong to wage war upon Rome,, were the rich booty 
-of the first two Punic wars. After these, successive conquests secured 
the mines of Asia Minor, Greece, Macedonia, Asia, Egypt, Gaul, and 
Britain. There were thus two classes of mines under Roman law, tho~e 
owned in Italy by private citizens (which seem to have been held and 
taxed like other property), and those in the provinces, which belonged 
by right of conquest to the state. 
The system of farming the revenues pursued by the Romans extended 
to the provincial mines. According to a recently discovered fragment 
of mining regulations, the procurator metallorum leased the mines to 
private persons or companies, and farmed out the collection of the 
royalties or rents to a conductor. The system proved ruinous as well 
as cruel. The lessees employed vast numbers of slaves, ancl robbed 
the mines without regard to anything else than the maximum profit 
to l>e secured during the term of their leases. The result was an im-
mense temporary productiveness, followed by a corresponding exhaus-
tion and reaction. The emperor effected many reforms. They caused 
a stricter inspection of the operations of mining to be maintained ; 
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they discontinued in large pa.rt the employment of slaves (except con-
victs), and in many cases a sort of feudal relation grew up with the 
inl1auitants of the mining districts, who worked under the Government 
supervision, and paid a certain tribute in money or in kind, retaining 
for tilemselves the remainder of the product of their labor. There 
seems to have been no uniform rule as to the amount of tribute. It 
wa.s fixed iu various ways, according to the circumstances of each case; 
but the guiding principle appears to have been that the miner's share 
should amount merely to wages for his work, and the state or the land-
owner should have the rest. In special cases, explorations were .• en-
couraged by grants of privilege. 
MEDLEVAL MINING LAWS, 
Barbarian ~ining.-The mining industry of the Western Empire 
was first overwhelmed by the barbarians. The Byzantines held out 
longer, but at last they too succumbed, and the mines of Asia Minor, 
Thrace, and Greece fell to the Arabs. There are hints in history of 
rude and limited mining operations by the Arabs in Spain, the Franks 
in Gaul, and the Goths in Italy; but the period down to the eleventh 
century is practically a blank. 
The German mining freedom.-The code2 of the Middle Ages show 
that all mines were considered the property of the sovereign, inde-
pendently of the ow ership of the land. The right of the sovereign 
(reckoned among the regalia) was, however, in practice a right to 
grant permits for mining and to receive certain tributes from it, and 
its exerciAe was modified by the rise of an entirely new principle-that 
of the German Bergbaufreiheit or "mining freedom "-which was the 
earliest form of what we call, in the western mining districts of the 
United States, "the right of the discoverer." This appears first as a 
local custom, remarkably prevalent in the German mining districts, 
according tio which every citizen had the right to mine wherever he 
di covered metalliferous deposits not covered by a previous claim. It 
ha been suggested that this immemorial custom sprang from the 
Markgenossenschajt, an early form of communism, in which the land of 
a Mark wa held in common, and redistributed annually. Such a re-
di tribution not being fairly practicable for mining lands, it might 
com to pas that they would be left iw the hands of the same occu-
pants, o long a they continued to work with suitable industry, and 
would revert to the commune when abandoned. 
the title to land becam ve ted in individuals, the right of the 
mining di coverer would come into conflict with that of the land owner. 
It would conflict al o with the claim of the sovereign. But since the 
o erei n principally cared for the revenue, and the miner was willing 
to pa fair tribute, a compromise in the latter ca e was not difficult. 
r ntin "th Bergbaujreiheit, and in i ting only upon the tribute, 
r ign v d hi dignity and the mo t valuable part of his 
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regalia. As for the land owner, he was recognized by neither party. 
Both the custom of miners and that of kings recognized the existence 
of a property in minerals separate from the surface ownership. The doc-
trine, so familiar to us, that the owner of the land owns all beneath it 
to the center of the earth, and all above it usque ad cmlum, was not 
only unknown, but its exact opposite was declared by the authorities 
of that age. Thus the Saohsenspiegel quaintly says: ''All treasure lying 
hidden in the earth deeper than a plow goes, belongs to the power of 
the king," and the king gave it to the miner. 
The German miners, carrying their Bergfreiheit with them, pene-
trated into the Roman and Sclavonic provinces; and the first written 
code which remains to us, expressing the :i.'e1atiou above described, is 
from one of these mining colonies-the famous agreement made March 
24, 1185, between the Bishop of Trent, iii the Italian Tyrol, and Lis 
German miners, characterized in the quaint Latin of the oocument as 
Argentarii, qui solent appelar-i Silbrarii.(a) 
According to this treaty, concluded between Bis~wp Albrecht and a 
representative committee of the miners, mining is declared free to all, 
rich and poor, on the semi-anuual payment to the bishop of certain 
specified fees, in lieu of all taxation. The bishop guarantees protection 
and also immunity from ordinary legal p_rocess, except in cases of per-
sonal injury committed by a miner. In other words, questions of 
mining rights, etc., arising among the miners-, are to be decided by 
themselves, and according to their own rules and customs. They on 
their part agree to increase their annual tribute if new discoYeries 
shall augment their profits, and also, that, if tlie bishop shall fall into 
financial difficulties, they will lend him money. 
It happens that tltii:; bishopric of Trent and its flourishing community 
of miners furnished occasion for the commencement of a struggle that 
lasted for more than a century .between the emperors and the territorial 
lords. The mining freedom established l>y Bishop Albrecht was undis-
turbed during bis time, l>ut his successol', Conrad, was summoned before 
an itnperial tribunal by the emperor, Frederick I., who laid claim to the 
Tridentine silver mines on the ground tllat, according to usage else-
where (in Lombardy), they should be inclnded among the regalia. The 
dispute was settled in a way characteristic of the times. The bishop 
kept the mines (or, more strictly, the rigllt to receive the annual dues), 
but consented to accept them as the gift of the emperor, who thereupon, 
in 1189, solemnly granted to his late antagonist the rights in contro-
versy, "that his generous kindnes to the church an<l its representative 
might be reckoned a service to God." What the emperor gained by 
this settlement was a precedent strengthening his claims elsewhere. 
It is noteworthy, however, that the privilege of the miners themselves 
a The text, published in von Sverge's TyroliBclte Be1·gwerkBgeBchichte (Vienua, 
17ti5), is quoted in full by Tuscani, in the ZeitBchriftfiir Bergrecht, Vol. XVIII. (1877), 
1>a;;u ::i37. 
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do not seem to have been called in question. Probably if tbe emperor 
had won his cause, the old t,reaty woul.d have been ratified by him. 
The general principle of "miniug freedom," and a body of unwritten 
maxims regulating the tribunals of miners, doubtless originated as early 
as the ninth or teuth century. The earliest written codes, which bear 
date in the thirteenth centuryi give internal evidence that they are but 
records and arrangements of pre-existing rules. The famous Iglau code, 
established about 1250 by Kiug W euzcl I. of Bohemia, was the source 
arnl mod.el for many others, and was itself probably derived from the 
ancient Bergrecht of Freiberg, which agaiu doubtless grew out of the 
customs brought thither in the twelftll century by miners from the 
Harz. 
German codes.-A brief summary of .the Iglau code(a) will suffice to 
indicate the general nature of mediawa,1 German mining law. This 
curious dofumcnt is in Latin, and bears the seals of Wenzel, king of 
Bohemia, and his son, the margrave of Moravia. After a pious and 
wordy prelude, it ordains that certain officials shall fix the boundaries 
of mining claims, and defines the dimensions of these and tbe conditions 
on which the possessot:y title of the miner may be acquired and main-
tained. The full size of the surface granted, when unoccupied s_vace 
permits, to a single mine is ~79 feet along the course of the vein by H)6 
feet in ,Yidth. A certain proportjon of the claim is set apart for the 
king, another for the town, or the original owner of the land. Special 
right of administration and judgment are accorded to tl1e mining courts 
of Iglau, and various principles and methods are laid down for the de-
cision of intricate cases of couflicting claims. The thrifty burghers of 
thi: mining city (Bergsta,dt) wou fame an<l profit by· keeping the provis-
ion' of this code a ccret, and acting uuder their guidance as a.rbitrat-
or in que tions of miuing jnrispruclence referred to them by otlwr 
province~. One of the ruo t frequent cani:;es of dispute was the privi-
lccre conf rred upo11 the party driving a deep adit, which, by draini11g-
tbe water from the mines of otlJer patties, and by facilitating their ven-
tilation, wa~ b ld to ntitl the owner to a share in their profits. To 
8 cure tbi, reward aud other incidental "adit privileges,'' the adit must 
b a c~rtaiu distance below any oth r imilar work and must be prose-
cut d nnder c rtain condition:. 
A1,parently gold aud ·ilver min s only were at first the subjects of 
uch 1 o-i lation. The right to ther mineral. appears to have gone 
with the owner hip of th land, or at 1 a t to have been claimed lly 
thP- h nd wner. 
'l'I e quadripartite conflict in the empire.-There were thu , in the thir-
tc• 11 h c utmy, fonr partie. more r le·' in oufli toverminingrigbts-
h ~ ·mpno1· the ·t •nitorial princ . , th min r', and the land own r . I 
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This confusion was simplified by the " golden bull" of Charles IV. (1356), 
which surrendered to the e]ectors the claims of the emperor, and ex-
cluded also the land owner, putting all metals, precious or base, together 
with salines, under one rule, ~hat of the territorial sovereigns.(a) The 
latter, wisely encouraging the indm,try of mining, vied with. each other 
in grants of privilege to mining cities, which thus became centers of 
science and jurisprudence as well as of wealth. The famous seven 
mining cities of the Barz, and the "ancient and honorable free mining 
city of Freiberg," in the realm of the Saxon counts of Meissen, are ex-
amples. 
The number of electoral princes in the empire was very great; and 
by their grants and assignments the number of '' mining lords" (Berg-
herrn), that is, of those who controlled mining rights, was made still 
greater. Since nearly all of them issued special mining codes, these 
were correspondingly numerous, and increased the complexity of Ger-
man mining law. In one point the codes agree, namely, in the assertion 
of the exclusive mining right of t,he Bergherr. .But this right was 
variously exercised. · Sometimes certain minerals were reserved to be 
mined by the Bergherr; sometimes the reservation applied to specified 
territory; sometimes absolute grants of the mining right for given areas 
and for specified minerals were niade, with or without provision for trib-
ute; sometimes mjning was made free, subject to such special grants; 
that is, exploration for minerals and on terri~ory not thus excepted was 
thrown open to all, with the promise that discoverers of valuable min-
erals should receive definite grants of mining ground at a certain rate 
of tribute, usually one-tenth, sometimes only one-twentieth, of the prod-
uct. 
Apart from the reservations above named, the general type of a Ger-
man code of the fourteenth, :fifteenth, and sixteenth centuries was some-
w_hat as follows : It included free, or nearly free, exploration (buildings 
not being imperiled, anu damages to surface or to agriculture being 
chargeable to the explorer); the immediate announcement (Muthung) 
of a discovery made; the issue of a preliminary permit; the survey, 
location, and regular grant of the mining ground, after the deposit had 
been sufficiently exposed; the obligation to prosecute the work contin-
uously, unless natural causes, sucL as foul air or excess of water, pre-
vented; the payment of royalty to the Bergher1r; the division of a min-
ing enterprise into shares (Kuxe, usually 128 in number); the furnishing 
of mine timbers by the crown forester, or by private owners under agree-
ments and regulations supervised by tlle crown officers, etc. The driving 
of adits was the privilege of the Bergherr, but it was very generally con-
ceded to private parties, with the appertaining advantages and reve-
nue. . It was common to give the lord " l>y ancient usage," one-eighth of 
the + "kin every leased mine. He was, however, liable to assessment 
a The word , are: TJniversa~ auri et arr1e11ti fodiuas ataue ,nineras slmmi, cup,-i, Jerri, 
plumbi, ct alterius cujusque metalli, ac etiam salis tani im:wtas quam inve11umdaa. 
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like any other stockholder1 and forfeited bis stock by non-payment. • 
Mining ·1eases covered a certain area of the surface an<l a space below 
the surface, either bounded by vertical planes or by surfaces parallel 
witll the dip of the vein. The first was called a square location ( Geviert-
feld), and the second an inclined location ( Gestreclcifeld) .. The pos-
sessor of an inclined location was generally. allowed to work about 21 
feet (3½ Lachter or fathoms) into the llanging wall (roof) of bis vein, and 
an equal distance into the foot wall (floor), and to extract all ore found 
within these limits, as well as ·in the vein proper, which be might follow 
indefinitely downward (in ilie ewige Teufe). The simple square location 
was applied to beds, masses, and even to true veins, when they dipped 
. not more than 15° below the horizontal. 
French min-ing law.-In France the king was able to maintain his claims 
against the feudal lor<ls. The patent of Charles VI., issued May 30, 
1413, declares that to him aml not to ceux qui ont jurisdictions hau.tes, 
rnoyenne~ et basses, belong all miues m erywhere in his kingdom, and the 
right to collect the mining tithe, and ordains, in the exercise of this sov-
ereignty, that every miner may mine freely anywhere, even under the 
i:mrface owned by another, provided the said tithe be duly paid-payant 
a nous notre d-ixienie franchement. 
English mining law.-The principle of mining freedom took little root, 
apparently, in England. Perhaps the sole trace of it in recent times is 
the custom of" tin bounding" in Cornwall and Devon. The number of 
Cornish mining terms which betray a German origin indicate tltat the 
nterpri ing German miners of the Middle Ages probably found their 
way to that region and left their mark upon both institutions and lan-
guage. But in this case the British crown has left its mark also, though 
ouly iu the way of a ratification of the miners' custom. King John 
cl clared in hi patent of October 29, 1201, that all tin mines in the 
wllole of his kingdom belonged to birn(a), and graciously authorized all 
miners to dig for tin whercYer they chose. Tlte claim l>y prerogative 
t all gold and ·ilver mines a property of tlle crown is an immemorial 
ne in England, and it wa not until the reign of William and Mary 
that tin, copper, lead, or irou miue , could be owned and freely worked 
by tlte ubject if their ore contained intermixturei; of the precious 
m. tal . In the eel brated "ca. e of mine ," in the reign of Elizabeth, 
the ground of th royal laim wa thu taled from the bench: "Tb 
·ommon law, whicll i founded upon rca ·on, appropriate everything to 
the per ·on wb m it be,· uit , a, common aud trhTial thing to the 
· mmon people; tllin°' of m re worth top •r ·on: of a higher and sup -
1·i r 1, ·; and thing' mo ·t x · 11 ~ut to p r. on who excel all oth r ; 
•can' gol and :ilv r ar th, mo.-t xcell nt thing' wbi.ch tlie 
tL in., th law ha' app int cl th m, a iu·r a ·on it ought, to the 
r. n m · ex· 11 ~nt , nd tha L' the king-." 
t ·i ·tlr :p aking, th• ·row11 lla.- 11 •v •r . lllT ud •red it· rig;ht t min f 
a 'ta1111ariw aunt 1wBtra dominica. 
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pure gold or silver or either of these mixed with other metats than tin, 
copper, lead, or iron. But practically in Great Britain, the min.era! 
right of whatever kind originates in the ownership of the soili although 
it may be alienated and separately -eonveyed by tl.le act of the owner, 
who must, however, to make such conveyance effective as a basis for 
mining, expressly grant, not only the minerals, but also the right to 
euter upon his lands, dig, and carry away the minerals. Usually also 
the right to occupy the surface with roads, buildings, machinery, water-
ways, etc., is specified. 
The custom of tin bounding is recognized as" ancient" by the charter 
granted to the stannaries of Cornwall in the third year of King John. 
It was thus defined in a modern ease at Jaw {Rogers vs .. Brenton, 10 Q. 
B., 26): "That any person may enter on the waste land of another iu 
Corn wall, and mark out b.v four corner bouudaries a certain area,; a 
written d~scription of the land so marked with metes and bounds, and 
the name of the person for whose use the proceeding is taken, is re-
eordrd in an immemorial local court, called the stannary ·court, and pro-
claimed at three successive courts held at stated intervals; if no objec-
tion is successfully made by any other person, the · court awards a writ 
to the bailiff of the court to deliver possession of the said 'bounds or 
tin-work' to the bounder, who thereupon has the exclusive right to 
search for, dig, and take to his own use a.U tin and tin ore within the 
described limits, paying to the land owner a certain customary propor- · 
tion of the ore raised, under the name of ~ toll tin.' The right descends 
to executors, and may be preserve<l. for an indefinite time, either by ac-
tually working and paying ton, or by annually renewing the four bound-
ary marks on a certain day." The custom in Devonshire, it is said, is 
a freehold interest descending to the heir and unaccompanied by the 
obligation to pay any toll to the land owner. It would probably be held 
void in law, since even the Cornish custom· was pronounced by Lord 
Denman, in the case above cited, to be sustainable only by actually 
working and paying toll. 
llODERN 0ODES. 
Returning now to the development of mining law on the continent 
of Europe, we flnd that in the eighteenth century both the claims of 
the land owner and the complaints of the miner began to make them-
• elves hear<l.. In different states, different minerals were exempted 
from the tribute impoRed on mining, and released to the owners of the 
land. Coal throughout Germany, and irou ore in some province~ ( e. g., 
Sile ia), were among these exemption,. 'rhe mining of other substances 
wa embarrassed by many regulations and burden . Thus in Prussia 
the official of tbe crown fixed the price of the product, determined 
the dividenus or as8essment, of the private . tockholder, appointed 
mining captains, engaged laborer,, etc., and tb mine paid extra for 
this pa,ternal supervi,·iou, , o that althouo-11 th nominal tribut wa but 
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one-tenth, the total contr-ibution amounted not infrequently to more 
than 20 per cent. of the gross product. These exactions and interfer-
ences, coupled with the practice on the part of the state of reserving 
for its own operations the most profitable minerals and the best terri-
tory, caused a dissatisfaction o·n the part of the mining communities 
which ultimately brought about important changes. 
France.-The first effect of modern ideas in this respect was seen in 
France. The Constituent Assembly (1791) decreed, under the influ-
ence of Mirabeau, that the mines and mineral deposits of France were 
the property of the nation, and authorized the Go-vernment to grant 
temporary "concessions" of them, giving preference to the land owner, 
to whom was also expressly reserved all that part of every mineral de-
posit lying within a hundred fPet of the surface. Bul the law of 1810 
(Code Napoleon) finally fixed in its present form the French system. It 
declares that the property in minerals goes with tbe property in land, 
but that the Government may separate ·the two, granting the mineral 
right to another, even in perpetuity, on the condition of a tribute paid 
to the land owner. Mines only are subject to these conditions; mini-
eres (open workings Ol' diggings) and carrieres (quarries) are left to 
the land owner. Salt works are reckoned as mines. The payments of 
miners to the state comprise a fixed annual fee of 10 francs for each 
square kilometer (about 247 acres) of mining ground, a tax (formerly 
variable, but fixed in 1839 at 5 per cent. of the net profit), and certain 
contributions ( centimes additionnels) for administrative purposes. A la.w 
passed July 27, 1880, provides that without the consent of the land-
owner no prospecting license or mining concession shall be sufficient to 
authorize digging or the erection of buildings, etc., in walled inclosures, 
courts, or gardens; or the location of shafts or adits within 50 meters 
of building or their adjacent walled inclosures. Under these restric-
tion , and after certain formalities (including advertisement), an appli-
cam: for licen or concession may obtain authority to take possession 
of the nece ary surface for his work. If his occupation lasts but one 
year, and the land can then be used as before, the land owner receives 
as damages twice th . net annual income of the land. If the occupa-
tion i longer than a year, or if it permanently injures the land, the 
own~r can force the miner to purchase the property at twice the value 
which it had before mining or exploration began. No mining opera-
ti n ar allow d to b conducted in such a way as to endanger the 
·afi t · of th min , the ·workmen, or tbe public, the maintenance of 
hiO'hw, ·,, th tabilit ? of dwelling·, or the p rmanence of mineral 
con tituting tlrn wat r upply of town. , farms, or 
rn incipl ,' of th Fr •nch y tern hav been inii-
:> mtric·.· . \\ Jipre th• Corle Napoleon ha.· ,·urvived, tlli. · 
·. · ·t 1,1 h· .- n nally hPt·n r tain l. I remain <1 in fore until 1 o:- in 
th . Phin rn: ia. It i, >'tiU in forne in Belgium, whero, 
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however, the tax on profits is but 2 per cent., instead of 5; and in Lux-
embourg, where the oolitic iron-ore mines lying deeper thall 35 meters 
are the subject of" conces&ions," and the Government had, down to 1883, 
granted away 992 llectares (2.47 acres each) out ofa total of 2,002 hectares 
of ·such mineral lands, in 50~year leases, at 750 francs per annum per 
hectare granted, or else 37,500 francs per hectare actual1y worked out. 
Greece.-The Greek law of 1861 is imitated from the French, and con-
tains the same distinction as to mines, open workings, and quarries. 
Mines are granted by the Government. The land owner receives a pro-
portion not exceeding 5 per cent, of the net profit. The state receives 
annually 30 centimes per hectare of the concession, and a proportion of 
the net profit, not exceeding 5 per cent. 
Italy.-Tho Sardinian law of 1859 is similar. It distinguishes between 
mines and open workings. The former are worked under royal conces-
sion. The fixed tax is 50 centesimi per hectare of surface (but not to 
amouQ.t in any case to less than 20 lire or francs), and the proportional 
tax is 5 per cent. of the net profit . 
.lJtlexico.-The Spanish ordinance of mines, published in 178~, has been 
substantially in force until the present year in Mexico, and was the law 
in the territories wlJich the United States acquired from 1\1exico by con-
quest and purchase. It asserts the right of sovereignty over all specie~ 
of metals, and authorizes concessions, dependent upon continuons work-
ing and annual tribute. ' It is also very full in itf., directions as to the 
manner of mining, attempting to correct in this way the tendency to reck-
less robbery of mines, inevitable under such tenure. The size of claims 
(invariably "square locations~') is regulated by the dip of the vein, as 
shown by a shaft 30 feet deep; the length of the claim along the course 
of the vein beiug- 200 yards (varas) and the width varied from 100 to a 
maximum of 200 yards, according to the dip, the smallest width being 
granted to a claim on a vertical vein, and the greatest on a vein depart-
ing 45° or more from the vertical. These measures are so calculated 
thp,t under the most frequent circumstances (the dip varying from •45o 
to 60° from the horizontal) the vein will pass out of the claim at the ver-
tical depth of 600 feet, at which depth, the ordinance naively remarks, 
it is commonly much exhausted. It need hardly be said that the intro-
duction of steam engines and the construction of deep adits have long 
since rendered it possible to mine to the <lepth of 4,000 feet. The taxa-
tion of Mexican mines has always been heavy-especially when the ex-
port tax on bullion is included. Spain did for her American provinces 
what Carthage and Rome haJ done for Spain; and the spirit of her legis-
lation, the desire to wring as much plunder from the rich mines as pos-
sible, lingered .in the land after tlle Spanish rule had been overthrown. 
Recent events, however, promi e a more liberal policy, calculated to 
attract and protect foreign capital. Dy an amendment to the consti- , 
tution, the control over mining and mining judicature, J)reviously vested 
in the .::everal State , bas been given to the central Government, which 
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has issued a new code, based upon the Spanish ordinance, but contain-
ing important amendments, which bring it into greater harmony with 
modern conditions and methods. Having received, up to the time of 
completing this article, merely general accounts at second band, of this 
new code, I prefer to make, at the present time, no further comment 
upon it than this simple mention of its appearance.(a) 
Spain.-The modern Spanish law of 1859 declares all inorganic, me-
tallic, combustible, saline, and calcareo-phosphatic substances, occur-
ring in such a way as to be obtained by mining, to be the property of 
the state, and subjects of its concession, without which no one can dis-
pose of them. The so-called Basas para. la nueva legislacion de minas 
of December 29, 1868, established three classes, corresponding to the 
French carrieres, minieres, and mines. Minerals of the first class ( chiefly 
the earthy minerals and rocks) are left to the land owner. The second 
class comprises placers and alluv1al deposits of metals, bog-iron ores, 
and old ore and slag heaps. This class also is left, first, to the land 
owner, but may, under certain conditions, be granted by the state to 
another. The third class comprises ore deposits in general, and min-
eral combustibles, with asphaltum, petroleum, graphite, salts, and vit-
riols, sulphur, precious stones, etc. The concessions granted in the 
second and third classes are subject to the following annual tax: On 
mines of precious stones and metals (except.iron ore) 20 pesetas (francs) 
per hectare. On all others, 8 pesetas per hectare. This is the rate 
fixed by the law of December 31, 1881. Previously the tax was half as 
great, viz., 10 and 4 r>esctas for the two grades respectively; but there 
wa an additional tax of 1 per cent. of the gross product, which is now 
a inc this article was prepared, a digest and discussion of the new Mexican law 
h. l,e •n pres ntecl to tb Am •rican Institute of Mining Engineers, in a paper by Mr. 
R. E. Chism, an Amnica,n mining engineer residing at Saltillo, Coahnila, entitled 
"Tho N w fining Uo,1< ofMoxico," read at foe Chattanooo-a meeting, May, 1885, and 
to b pcrmanentlypuhlishe<Un Vol. XIV. of the Transact.ions of the Institute. By this 
code ·oal, rock, clay, plac rs of iron or tiu, salt, and springs of all kinds-fresh, salt, 
thermal, medicinal, p •troleum, or gas-are the exclu ive property of the land owner. 
Other mineral cl po itf! constitute a realty distinct from the soil, to be acquired by 
dcnounc ment and conce . ion, aDll hcl<l. under conditions of working pre ·cribed by 
th la,w. Exploration, hoth on private an<l on public lands, is perndtt d-in tho 
1a.tter C'.a.· with special conditions, such aH 'bonds of indemnity to surface owners, 
I • J enuuciation rnn.·t £ llow within one month of the expiration of the exploring 
1wr111it, whic:h i gr: nteu 11snally for 0110 month, :lTI(l may ho ext nded to two. Tho 
"claim iH n. " ·1111ar<! lo<"ation," heiug, on loclcs, 200 meters long, and from 100 mctcrli 
(fo1·: clip of ;;o or more•) to 300 meter. (for a clip of 45io or less) in width. On plu -
<ff. of pre ·ion. mot:1 I r t n s, tho claim is 20 meters sqnar ' ; on fiat-lyi11g veins or 
irr<•.,nlar <lepo ilH, :300 met r square, or, if .·uch deposits ar of iron ore, 500 meters 
·ctn r . .1ining pr <lnct. are fr e of all tax son their circulation within tllc r pnh-
lic · pti ·k ilv(•r i fr<' of import duty or direct tax, and for fifty year all miue of 
c:oal, in,11, and CJ ick ilvcr · r xernpt from direct taxation of an, kind. Other mine 
will pay (a par from c·oin· 17 or export antic.) not more than one dir •ct tax, which. 
\•ill n"t ... · ·,·d l 1wr c• nt. of tlw gro. alue f 1eir pr d11ct. M tallnrgical •sta:t,-
li lnllf 11t p: y ta · Ii otJwr ma1111fact ri s. 
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a,bolished. The number of mining con~essions in Spain at the end of 
1877 was 14,928; tlrn average size, 19 hPctares; or, more accurately, 5_,782 
roncessions of the 4-peseta class averaged about 30 hectares each, and 
9,146 of tbe 10-peseta class averaged 12 hectores. The total area granted 
W3S 283,728 hectares (about 700,000 acres). · 
Germany.-Great advances have been made in recent years, in the 
simplification of the mining codes of Germany. The initiative and the 
model, in this respect, was furnished by· the Prussian law of 18G5. 
This law, with slight modifications, is now in force in twelve German 
states, representing 90 per cent. of the area and of the mineral prod-
ucts of the empfre, viz., Prussia, Bavaria, Wurtemberg,Alsace-Lorraine, 
Hesse, Anhalt, and Brunswick. It expresses two tendencies-the one 
towards a wider recognition of the rights of the land owner, the other 
towards a withdrawal of the Government from undue interference with 
mining (e'ither by· competition or by control) and a reduction of the 
burdens of special tribute and taxation. The inclined location is no 
longer granted, and the miner is confined to the space inclosed by ver-
tical planes drawn through his surface boundaries. The maximum 
size of a location is in Prussia 500,000 square Lachter (2,189,000 square 
meters, equivalent to about 540 acres), except in certain diRtricts where 
for local reasons the maxi.mum size is only one-twentieth as great. The 
permission of the land owner is necessary to preliminary explorations, 
though he may be compf\lled by the authorities to give it, yet only 
upon receiving a bond of indemnity. A mining grant is not forfeited 
by ceasing to work: it, unless the authorities, for sufficient rev,son, insist 
upon the resumption of work, in which case the grantee has a right of 
protest and appeal and six months' grace. The numerous fees, royal-
ties, and tithes of former times are done away, and in their place a mod-
erate tax is imposed-in Austria, Saxony, and Bavaria, a tax on net 
profits; in Prussia, a tax on the value of the product of I per cent. for 
the general treasury of the state and 1 per cent. to cover the expenses 
of supervision. Iron mines are generaly, if not universally, free of roy-
alty to the state. Benefit societies for miners (Knappscltajtsvereine) 
are established by law. Bog-iron ore, gold nuggets in the soil (in Prus-
sia), gold placers (in Bavaria), coal (in Saxony and some other states), 
iron (in Silesia), salt and salines (in Hanover), mineral springs and 
amber ( except in E ast Prussia and West Prussia, where amber found 
in the sea or on the beach belongs to the state) are exceptions to the 
mining law, an<l belong to the land owner. 
Austria.-With regard to the Austrian mining law ( comprising the 
codes in force in Bohemia, Hungary, Bosnia, etc., as well as Austria 
proper) it is Rufficient to remark here, that like the medireval German 
cndeR, it contains the two principles of Bergregal and Bergfreiheit, and 
that, like the modern German codes, it shows (though not in alJ prov-
ince.· of the empire equally) the tendency to a pract ical snrrender by 
the tate of the Bergregal, and the sub titution of a merely regulative 
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power over mmmg. Sa.lt mines are a state monopoly; many other 
mines are state property; coal nnd iron mines are generally the prop-
erty of the land owner. Tlie remainder of the mines of the empire are 
generally the objects of temporary or permanent grants. The revenue 
of the state from the min·es thus granted is made up of license fees for 
prospecting, rents paid per unit of area granted, and taxes upon gross 
. or net income. 
Russia.-The mines of Rm~sia are chiefly on the Asiatic side of the 
Urals. They have been administered as a source of revenue to the state 
or the czar in various ways. Grants have been made to various noble 
families, out of which princes like the Demidoffs have amassed great for-
tunes. The crown has c_arried on large operations upon private account; 
and finally a sort of mining freedom has been introduced to increase 
the revenue from the public lauds. For an elaborate account of these 
.measures and their results, the reader is referred to the chapters con-
tributed by Mr. E. Delmar Morgan, F. R. G. S., the well-known explorer 
of Oentral Asia, to Mr. Lock's book on " Gold," already cited. 
Great Britain.-M oderu legislatiou in regard to mines in Great Britain 
is confined to the support of a Royal School of Mines, the collection of 
statistics, the maintenance of inspectors, and the enforcement of certain 
regulations for the .safety of miners and the public, the protection of 
children, etc. The principal statutes are the Coal Mines Regulation Act, 
1872 (35 and 36 Victoria, chap. 76), and the Metalliferous Mines Regula-
tion Acts, 1872 and 1877 (35 and 36 Victoria, chap. 77, and 38 and 39 
Victoria, chap. 39). There are other acts relating to explosives, educa-
tion, the employment of children, and the liability of employers for 
injury to workmen, which bear incidentally upon mining. 
British colonies.-The mining laws of Australia and Canada follow 
the principles of English law, modified by old grant8 of the crown and 
hy the fact that in these colonies large areas of unoccupied public land 
exi t, on which the local governments may authorize mining, on such 
terms as they may choose to make. 
In New South Wales, the authority to dig or mine for gold is given 
to all who apply for it.(a) It co ts 10s. per year, and entitles its pos-
e or to take up ground upon any gold field to the extent of 60 feet by 
60 feP-t, or from that to 114 feet by 114 fe t, according to the nature of 
propo d operation . For quartz mining the claim unit i 50 feet along 
the r f (lo<le) by 100 yard on ach sid . Sluicing claims extend to 10 
a r . The min r', right include half an acre for a dwelling and the 
el toral fr uclii . 
In 
· crnrr ·1H· :111<1 Extraction," hy Alfr d . Lonk, 
47!>, ;ii3, 5t7, G:f, 611, ao<l 05. 
MINING LAW. 1003 
rect-iy a tax on the miner. The usual maximum claim is 16½ acres. 
But the government has in special cases, to facilitate expensive opera-
tions, granted larger areas (e.g. 50 acres). 
In Tasmania the mining regulation~ are exceedingly liberal. The 
miner's right costs IOs. per annum. Alluvial claims are for a single 
miner 25 yards square; for ty\'o partners, 50 by 30 yards. Larger areas 
are granted to discoverers. Lode-claims are 200 yards .along the lode 
by a wiqth of 250 yards. For deep workings, 21-year leases can be 
obtained at 10s. per acre per annum. Dams and machinery sites may 
occupy 10 acres and a quarter of an acre is allowed for a dwelling. 
In Victoria a similar system obtains. .At the end of 1880 the area in 
this colony occupied as'' mining claims" under the by-laws of the sev-
eral district mining boards was 35,126 acres, while 24,430 acres were held 
under leases from the crown. 
Oanada.-The mining law of Canada (apart from the police regula-
tion of mining) is found in the act of .April 14, 1872, which declares 
that "no reservation of gold, silver, iron, copper, or other mines or 
minerals shail be inserted in any patent from the crown granting any. 
portion of the Dominion lands; ,,- that '' any person or persons ma,y 
explore for mines or minerals on any of the Dominion lands, surveyed 
or unsurveyed, and not then marked or staked out and claimed or 
occupied, and ma;r, subject to thB provisions hereinafter contained, pur-
chase the same;" that the surveyed lands shall be sold in legal subdivis-
ions, and land tn un~urveyed territory and beyond the" fertile belt" shall 
be sold in blocks or "locations" of 80 by 40 chains (320 acres), or 40 by 
40 chains (160 acres), or 40 by 20 chains (80 acres); and that the secre-
tary of state may withdraw mineral land from sale, and lease it at a 
royalty not exceeding 2½ per cent. of the net profits of working it. The 
act also fixes the price of mining as well as farming lands at $1 per 
acre; but the secretary of state is authorized in his discretion to put up 
lands at auction and sell to the highest ·bidder. 
The United States.-The limit of space originally allotted to this re-
view having been exceeded, it is deemed advisable to stop at this point, 
without entering upon the history of mining rights and legislation in 
the North American colonies and subsequently in the United States. 
This department of the subject has been treated by a number of writers 
and compilers, among whom may be recommended, as giving compre-
hensive and suggestive views of the past and present condition of our 
mining law, Mr. Gregory Yale(" Mining Claims and Water Rights," 
San Fra.ncisco, 1867), Mr. Henry N. Copp(" United States Mining De-
cisions," Washington, 1874, "United States Mineral Lands," Washing-
ton, 1882, and Land Owner, Washington, monthly), and· other compilers 
andeditorsofdepartmentalandjudicialdecisions,andofvariousstatutes. 
The police regulations of the different States as to mining have now 
been collected in one place. The Jaws of Pennsylvania and Ohio are 
probably the most elaborate, tlle conditions of coal mining in these Stares 
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having demanded a degree of attention in the interest of public safety 
not yet required elsewhere. Of governmental control in the interest of 
economy, to prevent the waste of mineral resources, there is, as inti-
mated in the beginning of this article, no trace in American legislation-
not even in the flagrant case of the reckless robbery of the petroleum 
resources of Pennsylvania. As the writer has elsewhere shown (a), the 
' idea of the Bergregal does not exist in American law. The right of the 
land owner is supreme; and even when the Federal Government bas 
legislated concerniug mining titles it has done so for public lands only 
and in its capacity as their owner, with the power, given to the land 
owner by the English common law, of separating the estate in minerals 
from the P.state in soil and disposing of either upon any terms which it 
might dictate. 
a In the Reports of the Commissioner of Mining Statistics, in communications ap-
pended to the Report of the Public Lands Commission, and in various papers in t,he 
Transa_ctions of the American Institute of Mining Engineers. 
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coke ........................... . 
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manganese . . . . . . . . . . . . . . . . . . . . . 552 
mineral waters . . . . . . . . . . . . . . . . . 979 
phosphate rock...... . . . . . . . . . . . 794 
tin............................. 601 
Alaska bismuth . . . . . . . . . . . . . . . . . . . . . . . . . . 655 
coal.............................. 17 
mineral waters . . . . . • . . . . • . . . . . . . . 979 
Algeria antimony . . . . . . . . . . . . . . . . . . . . . . . . 646 
Allanite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773 
Alum.................................... 949 
production......................... 5 
Aluminum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 658 
production . . . . . . . . . . . . . . . . . . . 3 
.Amalgamation at Butte.................. 386 
Amazons tone . . . . . . . . . . . . . . . . . . . . . . . . . . • • 770 
Amber................................... 779 
"American Blast-Furnace Progress," by 
.TohnBirkinbine...... ...... ............ 290 
Amethyst................................ 750 
Ammonia.soda process ................... 903,964 
Andalusito...... . . . . . . . . . . . . . . . . . . . . . . . . . 1 741 
Anthracite ............... . .............. 66, 98, 77.8 
consumption in iron manufact-
ure ................ ........ . 
eastern middle field ......... . 
explosions ................... . 
in iron works . ............... . 
land ownership . ............. . 
Loyalsock field .............. . 
markets ..................... . 
Massachusetts .............. . 
method of opening coal ...... . 
mine cars ...... ......... .... . 
mining ...................... . 
buggy breasts.. . . . . . 
cage rests ........... . 
cages ................ . 
cutting coal. .. .. .... . 
drainage ... .. ....... . 
drums ............... . 
fans ................. . 
fires ................. . 
gangways ........... . 






















Anthracite mining, lift mining .••......•. 
pitching breasts .....• 
plant ................ . 
· safety clutches ...... . 
safety lamps ........ . 
shafts ............... . 
signaiing ............ . 
slopes ............... . 
speed ofhoist-ing ..... . 
surveys ......•....... 
systems ............. . 
tunnels .............. . 
underground haulage. 
underground railroads 
ventilation .......... . 
wagon breasts ...... . 
miscellaneous statistics . ~ ... . 
northern field ............... . 
Pennsylvania ............. ... . 
preparing coal for market ... . 
prices .............••......... 
prodnc.tion .........•........ . 
prospecting ....••............ 
reserves ..................... . 
Rhode Island ......•.......... 
sizes ........................ . 
southern field ...•............ 
wages ....................... . 
waste ....................... . 
• western middle field ..•....... 
"Anthracite Coal Mining," by H. M. 

































A.ntimony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 641 
exports .................. ·...... 653 
extraction . . . . . . . . . . . . . . . . . . . . . 649 
foreign sources . . . . . . . . . . . . . . . . 644 
imports .................... t ... 651 
localities . . .. . . . . . . . . . . . . . . . . . . 641 
prices . . . . . . . . . . . . . . . . . . . . • . . . . 6ii2 
uses .. .. . ... .. ................. 650 
Apatite .. ..... .. ...................... 775, 803, 805 
Apophyllite.............................. 775 
Aragonite ........................ ····- .. 777 
Argasoid ..•..................... '".... . . . 632 
Argentine ................................ 627 
Arizona bismuth . . . . . . . . . . . . . . . . . . . . . . . . . 654 
coal .... ...... ...... ...... ....... 18 
coking coal . .. . .... ,..... . . . . . . . . 157 
copper. . . . . . . . . . . . . . . . . . . . . . . . . . . 334, 397 
lead ............................. 425 
mica............................. 911 
mineral waters . . . . . . . . . . . . . . . . . . 979 




Arizona salt.............................. 84-8 
Arkansas coal..... . ...................... 18 
manganese..................... 553 
mineral waters. . . . . . . . . . . . . . . . . 980 
salt . . . . . . . . . . . . . . . . . . . . . . . . . . . . 843 
zinc .... ..•........ ... . . .. . ... . 476 
Arkansite.... .....•... ....... ........ .... 772 
Arsenic . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 656 
in glass making. . . . . . . . . . . . . . . . . . 959 
As best us...... . . . . . . . . . . . . . . . . . . . . . . . . . . . 913 
production...................... 5 
Aspbaltum...... . . . . . . . . . . . . . . . . . . . . . . . . . 937 
production ...... ~. . . . . . . . . . . . . 5 
"Asphaltum Deposits of California," by 
E. W. Hilgard . . . . . . . . . . . . . . . . . . . . . . . . . . 9il8 
Assaying pyrites. . . . . . . . . . . . . . . . . . . . . . . . . 887 
Assessments, gold and silver mines...... 318 
Australia copper. . . . . . . . . . . . . . . . . . . . . . . . . 370 
iridium . . . . . . . . . . . . . . . . . . . . . . . . 581 
mining law.... . . . . . . . . . . . . . • . . 1002 
nickel . . . . . . . . . . . . . . . . . . . . . . . . . 539 
tin .............. ............... 594, 619 
Austria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 496 
antimony . . . . . . . . . . . . . . . . . . . . . . . . 646 
copper........................... 372 
lead.............................. 439 
mining law . . . . . . . . . • • . . . • . . . . . . . 1001 
salt............................. . 849 
tin ...............•. ,.............. 618 
• zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 490 
Aventurine ...........• ,................. 752 
Axinite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765 
Banca tin ................•............... 594,622 
Barges, coal.............................. 142 
Barytes . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . 5, 922 
Basanite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 763 
Base bullion (Bee Lead). . . . . . . . . . . . . . . . . . . 411 
Belgium lead............................. 438 
miniug law . . . . . . . . . . . . . . . . . . . . 998 
zinc ............................. 488 
Beryl. .... ···········..................... 738 
Bessemer steel production...... . . . . . . . . . . 254 
works.................... 255 
Ile semerizing copper matte.............. 330 
nickel.................... 540 
Bibliography of iridium.................. 588 
Bicuromate of potassium...... . . . . . . . . . . 572 
odium.................... 573 
Billiton tin . ..... . ...................... . 594, 622 
Birkinbine, ,John, on American blast-fur. 
nace proin:e'!a . . . . . . . . . . . . . . . . . . . . . . . . . . 290 
Bi. tOUtb • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 654 
for ign ources.... . . . . . . . . . . . . . . 655 
Ilitumin us coal (Bee Coal) . . . . . . . . . . . . . . . . 11 
Black Hill mica......................... 909 
tin ........................... 602 
Bl k , W. P., on antimony............... 641 
nickel.................. 537 
tin . ... . ..... .. . . . . . ... . 592 
Blanc fixe .. .... . .. . . . . . . . . . . . . . . . . . . . . . . 923 
Bl, fun, · · pp r ...... • •...... . .. . . 395, 307 
l11mber ...... .... . ... .... 305 
Pro !T ," by John Bir 
.. ... ...... .............................. . 
Page. 
Bluestone (sulphate of copper)........... 2, 951 
Bohemia antimony. . . . . . . . . . . . . . . . . . . . . . . 646 
Borax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,"859 
Borneo antimony. . . . . . . . . . . . . . . . . . . . . . . . 649 
Brass exports ........... : . . . . . . . . . . . . . . . . 847 
imports. . . . . . . . . . . . . . . . . . . . . . . . . . . . 345 
Brazil iridium............................ 581 
Brick ..... . ........................ .... . 3, 679,695 
Brimstone (see Sulphur) . . . . . . . . . . . . . . . . . . 864 
Brittania metal . . . . . . . . . . . . . . . . . . . . . . . . . . 632 
Bromine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 851 
Bronze . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 629 
Bronzite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773 
Brookite .... .. . .. .. . . . . . . . . ....... ....... 772 
Buck, Stuart M., on coal minig in the 
Kanawha valley. . . . . . . . . . . . . . . . . . . . .. . . . 131 
Buhrstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 712 
Building sand............................ 667 
Building stone........................... 3,662 
Burchard, H. C., gold and silver statistics. 312 
Burmah tin...... . . . . . . . . . . . . . . . . . . . . . . . . . 623 
Butte City mmes.. ........ ...... ......... 374 
California. alum . . . . . . . . . . . . . . . . . . . . . . . . . . 949 
antimony...................... 641 
asbestus . . . . . . . . . . . . . . . . . . . . • . 913 
asphaltum . . . . . . . . . . . . . . . . . . . . 937, 938 
bismuth....................... 655 
borax......................... 859 
building stone. . . . . . . . . . . . . . . . . 663 
cement........................ 674 
chromium..................... 569 






iron ore . . . . . . . . . . . . . . . . . . . . . . . 286 
lithographic stone . . . . . • . • . . . . 935 
manganese...... . . . . . . . . . . . . . . 554 
mica . . . . . . . . . . . . . . . . . . . . . . . . . . 911 





tin··· ··· ·············-········ 614 
Canada apatite........................... 805 
arsenic . . • . . . . . . . . . . . . . . . . . . . . . . . 656 
asbestus . .............•..•....... 913 
copper......... . ................. 373 
mining law .... ······-'·····...... 1003 
pyrites .... .. . .. . ....... ......... 881 
Cancrinite....... .... ... ...... .... .. .... .. 773 
Cape of Good Hope copper...... . . . . . . . . . 370 
Carbon in glass making . . . . . . . . . . . . . . . . . . 970 
Carbonate of potash in glass making. . . . . 967 
Carbonnte of soda in glass making . . . . . . . 966 
Carter.Walker furnace................... 892 
Ca siterite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 592, 767 
Catlinite . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 7'i8 
Cement ........... : . . . . . . . • . . . . . . . . . . . . . . 3, 4, 671 
Chalc uony . . . . . . . . . . . . . . . . . . . . . . . . . . . . 756 
Chalk...... .... .......................... 930 
. ....... . ... . .... .................... 763 Chance, H. M., on ant.hracite coal mining . 
INDEX. 1007 
Cbarcoa,1 in i~·on smelting .......... ,. .... . 
works .................. . 
Chat:ml. T. M., on corundum and emery. 
Chili l_>orax ......... ... .................. . 
copper ............................ . 
tin ................................ . 
Chisolm,J!'. l:<,.,onironin the Rocky Mount-
ain Division ........................... . 
Chlorastrolite ................ : .......... . 
Chondrodite ............................ . 
•.:hristy, Samuel B., on quicksilver reduc. 
tion at Now Almaden ...... ..... ...... . 
Chromium ............................. . 
exports ...................... . 
forei1,'ll ....................... . 
imports ...................... . 
production ... ........•........ 
Chrysoberyl. ........... ... ......•........ 
Cbrysocolla ... . ......................... . 
Cbrysoprase .........•.................... 
Cindt3rs, py1ites ......................... . 
Citrine .......................•........... 
Clarke, F. W., on mica .................. . 
























production . . . . . . . . . . . . . . . . • . . . . . . . . 695 
Cliffstone . • . . . . . . . . . . . . . . . • . • . . . . . . . • . . . . 930 
Coal, Alabama . . . .. . . . . •. . • . . . . . . . . . . . . . . 14 
Alaska .................... ·.. •..• .. . 17 
anthracite . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
.Arizona .. ~......................... 18 
Arkansas.... . . . .... ..... ........... 18 
barges........... . .................. 142 
California........................... 19 
coking (see Coke) .................. 144-213 
Colorado . . . . . . . . . . . . . . . . . . . . . . . . • . . 24 
cutting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 
Dakota....... . .. .... ............... 38 
Georgia ......... _ ... _............... 39 
Idaho........ .. ...... .. .. .. .. . ...... 39 
Illinois....... . ... ............ ....... 39 
imports and exports ..... ..... _..... 13 
Indiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Indian Territory . . . . . . . . . . . . . . . . . .. 45 
in iron smelting..................... 295 
in iron works . . . .. . . . . . . . .. . . . . . . . . . 2, 256 
Iowa... ... .. ........ ................ 45 
Kansas... . . ............... ... . ..... 46 
Kentucky . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Maryland........................... 49 
Massachusetts................ . .... . 87 
Michigan... . ...... . . . . . . . . . . . . . . . . . 50 
mine drainago . . . . . . . . . . . . . . . . . . . . . . 138 
]muling...... .................. 138 
ventilation . . . . . . . . . . . . . . . . . . . . J 39 
mining accidents ...... . ............ 126, 127 




systems . . . . . . . . . . .. . . . . . . .. . 134 
tools........................ 136 
tracks ............ ..... . .... 138 
wagons . . . . . . . . . . . . . . . . . . . . . 137 
Missouri. . . . . . . . . . . . . . . . . • . . . . . . . . . . 51 
Montana............................ 52 
Coal, Nebraska ...........••....••.••.•... 
New Mexico ..•.••.............•••.• 
North Carolina. .................••.. 
Ohio .............•............•..... 
Oregon ........................•.•.• 
Pennsylvania ...................... . 
anthracite reserves .. . 
bituminous ........... . 
coal re. 
serves .. 
prices ... . 
production ........................ . 
Rhode Island ....................•.. 
strikes ....................•......... 
Tennessee .......................•.. 
Texas.: ...................•. ; .•..... 
Utah ............................•.. 
Virginia ...........•...........•.. : . 
wages ...................•.......... 
Washington ....................... . 
West Virginia. ..............•.....•. 
world's production .............•.... 
Wyoming .................•.•...•.. 
''Coal Miningin the Kanawha Valley," by 
Stuart M. Buck .................. . 
Cobalt .............................•..... 
Colorado ......................... . 
Connecticut ..............•...•..... 
Germany ......... a •••••••••••••••• 
Great Britain ............••....•.. 
imports ......................•.•.. 
Maryland ........•.......••.....•.. 
metallurgy ........ , ......•........ 
Missouri ......................... . 
Nevada . .. ........................ . 
New Mexico .........•..•...•.••.. 
Pennsylvania . . .......•.•. ~ •...... 
price ...............•.......•... ~ .. 
production .•...............•.••... 
utilization ............•........• - • 
Cobaltite ...... . .....................•.••• 
Coke, .Alabama .... .. •............••.•... 
.Arizona ... ....... .....•......•...• 
Colorado .........•...............• 


















































Illinois ........................... . 
Indiana .......................... . 
Indian Territory...... . ......... . 
Iowa ............................. . 
Kansas .................. , ..•....•. 
Kentucky .......••.........•...... 
Montana ......................... . 











Pennsylvania . . . . . . . . . . . . . . . . . . . . . 175 
prices............................. 152 
production ....................... ], 147,151 
Tennessee .............•.......... · 196 
Virginia............ . . . . . • . . . . . . . . . 204 
Washington . . . . . • . . . . . . . . . . . . . . . . 206 




Coke works, number. . . . . . . . . . . . . . . . . . . . . 148 
Coke, the manufacture of, by Joseph D. 
Weeks................................. 144 
Coking coals ...................... 11-104, 144-213 
Colophonite.... . . ...... ...... ..•. .. ...... 747 







gypsum ................ ... ... ·. . 812 
iron ore . . . . . . . . . . . . . . . . . . . . . . . . 281 
lead............................ 419 
mica .......................... . 
mineral waters ............... . . 
petroleum ........ ............. . 





Connecticut cobalt . . . . . . . . . . . . . . . . . . . . . . . 544 
feldspar. . . . . . . . . . . . . . . . . . . . . 933 
mica,...... .. ................ 908 
mineral waters........ ... ... 908 
tungsten·................ . . . . 574 
Connellsville coke........................ 176 
Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 
Copper.................................. 322 
Arizona... . . . . . . . . . . . . . . . . . . . . . . . . 334, 397 
Australia ..... ~ . . . . . . . . . . . . . . . . . . 370 
Austria . . . . . . . . . . . . . . . . . . . . . . . . . . 372 
California . . . . . . . . . . . . . . . . . . . . . . . . 340 
Canada ........................... 373 
Cape of Good Hope . . . . . . . . . . . . . . 370 
Chili............................. :'163 
Colorado . . . . . . . . . . . . . . . . . . . . . . . . . :-i41 
Dakota........................... 343 
exports . . . . . . . . . . . . . . . . . . . . . . . . . . 346 
foreign........................... 355 
Fr:ince . . ...... .. ..... ............ 371 
furnaces . . . . . . . . . . . . . . . . . . . . . . . . . 397 
Germany...... . . . . . . . . . . . . . . . . . . . 368 
Gr at Britain . . . . . . . . . . . . . . . . . . . . 356 
Hungary. . . . . . . . . . . . . . . . . . . . . . . . . 373 
Idaho... ........................ 342 
impotts . . . . . . . . . . . . . . . . . . . . . . . . . . 344 
Lake Superior.......... . . . . . . . . . . 329, 331 
Mexico... .................. . ... . 373 
Missouri . . . . . . . . . . . . . . . . . . • . . . . . . 342 
Montana. ........ .... ...•......... 336, 374 
Neva.da. .......................... 342 
Newfoundland ............•.•.... 
N w Mexico ................... . 
Portugal ......................••. 
prices .........................•.. 
production ... , .................. . 
pyrites cinders . ................. . 
1·efinerics ....................... . 
81D lting ························. 
V n zuela .. . •.... .. .... ...... . . . 
V rmon ...................••••... 
world' pr l 1· iou . ...•...••..... 

















" Copper Industry of the United States," 
1/Y C. Kirchhoff', jr. . . . . . . . . . . . . . . . . . . . . 322 
Copperas ........... :... .................. 5,952 
Cornwall. (See Great Britain.) 
tin........................... 615 
Corundum ............................... 714, 733 
Crocidolite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 775 
Crucibles, glass . . . . . . . . • . . . . . . . . . . . . . . . . . 973 
nickel......................... 541 
Cryolite .................. ................ 950,954 
Cupellation of lead....................... 470 
'' Cupola Smelting of Copper jn Arizona," 
by James Douglas, jr ... ............. __ 397 
Dakota coal.............................. 38 
copper........................... 343 
iron ore ......................... . 
mica .................•........... 
mineral waters .................. . 
salt ............................. . 
tin .............................. . 
Damourite ....... • ............•........... 
Danburite ............................... . 
Datolite ........ ......... ............... . . 
Day, David T., on bromine .............. . 
chromium .........•... 
cobalt ..... _ ........... . 
feldspar ........... ... . 
manganese ........... . 
phosphate rock ... . .. . 
sulphur ....... ....... . 
tungsten ....••........ 
Delaware feldspar ...................... . 
mineral waters ............... . 




















Dcsilverizing lead . . . . . . . . . . . . . . . . . . . . . . . 462 
works, lead................ 427 
Diamond................................ . 728 
Diasporo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 738 
Diops ido.......... . . . . . . . . . . . . . . . . . . . . . 7e9 
District of Columbia mineral waters. . . . . 981 
Dividends, copper mines................. 32G 
gold and silver mines....... .. 318 
Douglas, James, jr., on the cupola smelt-
ing of copper in Arizona............... 397 
Drain tile . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700 
Drills...... .. ..................... . ...... 136 
Drums, coal mining. . . . . . . . . . . . . . . . . . . . . . 122, 140 
Dudley, W. L., on iridium................ 581 
Earthenware...... . . . . . . . . . . . . . . . . . . . . . . . 686, 698 
Elreolite.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 770 
Electrolitic extraction of copper...... . . . 330 
nickel.... . .. .. 542 
Electro-silicon . . . ................ , . . . . . . . 720 
Emerald . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 738 
Emery................................... 714 
En caustic tile . . . . . . . . . . . . . . . . . . . . . . . . . . . 692, 699 
England. (See Great Britain.) 
Enstatite................................. 773 
Epidote.................................. 766 
E11sonite . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 746 
Euclase ..... .. : . . . . . . . . . . . . . . . . • . . . . . . . . . 740 
Explosions in anthracite mines . . . . . . . . . . 126 
Export , antimony . . . . . . . . . . . . . . . . . . . . . . 653 
b tus ..... ..... .. ...... ..... 01, 
brass........................... 347 
INDEX. 1009 
Exports, building stone .•................ 
chalk ......................... . 
chromium ....................•. 
clays, brick, etc ....... ......... . 
coal ...........• . ....•••.•...... 
copper;.: ..................... . 
emery manufactures .......... . 
fertilizers .••........... .. ...... 
gold ...................••....... 
graphite ...................... . 
lead .•.......................•.. 
lime ........... . ...........•.•.. 
manganese ..•.................. 
mineral waters ................ . 
nickel. ......•••••. ....... ....•. 
petroleum .•.•............. , ... . 
platinum ...................... . 
quicksilver .................... . 
salt ... ........ ..... . . . .. . 
sand and gravel. .............. . 
silver ......................... . 


























Ferromanganese (see Manganese) ........ 550, 563 
production .•••••........ 254, 263 
Fertilizers. . . . . . . . . . . . . . • • • • . . . . . . . . • . . . . . 4, 783 
legislation . . . . . . • • • • • • . . . . . . . . 821 
manufactured ................. 787, 815 
Firebrick . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . 683 
production . . . . . . . . . • . • . . . • . • . . 697 
Fireclay...... . . . . . . . . . . . . . . • . . . • • • • . • . . . . 6-:"6 
Firedamp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126, 138 
Fires in anthracite mines. . . . . . . . . . . . . . • . . 127 
Florida mineral waters................ ... 981 
phosphate rock . . . . . . . . . . . . . • • • . . 793 
Fluorite.................................. 776 
Fossil coral. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 777 
France antimony . . . . . . . . . . . . . . . . . . . . . . . . 645 
copper. . . . . . . . . . . . . . . . . • . . . . . . . . . 371 
lead .. ...... ... .. ..... ........... 439 
mining law .............•........ 996,998 
nickel........................... 540 
pyrites . . . . . . . . . . . . . • • . . . . . . . . . . . 885 
salt.............................. 849 
tin.······ .. .... ·······•••··...... 617 
Franklinite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773 
Frishmuth aluminum process............ 659 
Fuel in iron smelting . . . . . . . . . . . . . . . . . . . . 295, 303 
Furnaces, calcining . . . . . . . . . . . . . . . . . . . . . . 391, 8G6 
copper, reverberatory...... . . . 387, 392 
iron........................... 290 
number................... 305 
pyrites . . . . . . . . • . . . . . . . . . . • • • • . 890 
quicksilver .................... 507, 512 
roasting. . . . . . . . . . • • . . . . . . . . . • . 896 
Gahnite . . . . . . . . . . . . . . . . . . . . • . . . • . . . • . . • . . 737 
Garnet................................... 745 
Gas, natural. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 
retorts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 697, 683 
Oem stones, production...... . . . . . . . . . • . . 4, 781 





Georgia iron ore ........•..........••••.. 
~~!:::t;;;::~:-:::::::::::~:~ 
pyrites ...................... · .... . 







Germany antimony. . . . . . . . . . . . . . . . . . . . . . 645 




mining law ..•............. 992, 994, 1001 
nickel . . . . . . . . . . . . . . . . . . . . . . . . . 540 
pyrites . . . . . • . . . . . . . . • • • . . . . • . . 885 
salt............................ 849 
tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . 594, 618 
zinc........................... 481 
Geyserite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 761 
Glass materialf, . . . . . . . .. . .... .. ...•. .... 958 
1,ots ..................•.....•... 6~, 697, 973 
sand ...........•.•••...•.....•.... 958,961 
Glo,..er tower............................. 893 
Gold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3i2 
consumption...... . . . . . . . . . • . . . • . . . . 319 
imports and exports . • • . . • • . • • • . . . . . 321 
production . . . . . . . • . . . . . . . . . . • • . . . . . 2, 312 
quartz.............................. 4,763 
world's production.................. 319 
Granite (see Building stone) . • . . . • . . . . . • . . 662 
Graphite . . . . . . . . . . . . . . . . . . . . • • • • . . • • . • • • . 5, 915 
Grate burners............................ 890 
Gravity planes. . . . . . . . . . . • . . . . • . . . • . • . • . . 140 
Great Britain cobalt ......•••. ··-··· .• •. . 547 




manganese . . . .••••.. ...••. 555 
mining law ................ 996, 1002 
nickel..................... 539 
salt....... . . . . . . . . . . . . . . . . 848 
tin....................... .. . Cl5 
zinc .........•.........•... 
Greece lead ............•••....•...•.. .' ... 
mining law ..... . ......•.•........ 
Greensand marl. .......................•. 
Greisen ................................. . 
Grindstones ..........••.•............... . 
Guano ..............•...•..•......•...... 
Gypsum ........................•......... 
imports .. ...............•...•... 
production •••.•••...•.••••••.••. 
uses .......•....••••••.••..••••. 
Henderson pyrites cinders process ...... . 
Hiddenite . .............................. . 
Hilgard, E.W., on asphaltum deposits of 
California ... .......................... . 
'' Historical Sketch of Mining Law," by 
Rossiter W. Raymond ................ . 
Hofman, H. O., on recent improvements 
in desilverizing lead rnthe United States 
Hungary antimony ...................... . 
copper ........................ . 
lead .............•.••......•.•.. 
zinc ............••.•••••.....••. 
























Idaho coal. . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 39 
copper............................. 342 
lead . . . .. .... ....•.•••.••... . . . ... . 424 
mica .......................•. .-..... 911 
mineral wa,ters . . . . . . . . . . . . . . . . . . . . 081 




Idocrase......... .. . . . . . . . ...... ... . . . . . . . 767 
Illinois coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
coke . . . . ... ... . .. . .. ..... .. . . ... . 160 
drain tile production. . . . . . . . . . . . . 700 
lead ........ ...................... 425 
lithographic stone................ 935 
mineral waters................... 981 
salt.............................. 842 
zinc.............................. 475 
Iles, Malvern W., on lead slags.......... 440 
Illustrntions, list of . . . . . . . . . . . . . . . . . . . . . . vii 
Ilmenite........ .............. ..... ....... 772 
Ilvaite . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 767 
Imports, al:tbnster . . . . . . . . . . . • . . . . . . . . . . 814 
alum . ........................... 950 
aluminum . . . . . . . . . . . . • •• • • • . . . . 660 
antimony . . . . . . . . . • . . . . . • • • • . . . . 651 
arsenic . . . • . . . . . . . . . . • . . . . . . . . . . 657 
asbostus... . . . . . .. • . . . . . . . . . . . . 914 
asphaltum . . . . . . . . . • • . . . . . . . . . . . 938 
barytes . . . . . . . . . . . . . . . . . . . . . . . . . 923 
bismntb . . . . . . . . . . . . . . . . . . . . . . . . 655 
blanc ftxe, etc................... 924 
borax........................... 859 
brass........................... 345 
building stone.................. 665 
bubrstones . . . . • . . . . . . . . . . . . . . . . 713 
cement . . . . . . . . . . . . . . . . . . . . . . . . . 672 
chalk . .......................... 931 
chromium...................... 572 
clays, brick, etc . . . . . . . . . . . . . . . . 705 
coal ..... ........................ 14 
copper.......................... 344 
cryolite...... . . . . . . . . . . . . . . . • . . . 954 
emery ................... ...... . 
feldsp11r ....................... . 
gold ........................... . 
graphite ...............••....... 
grindstones .................... . 
gypsum .............. ......... . 
iodine ......................... . 
lead .......................... . 
lime ..........•.....•.•..•...... 
litharge ... .................•.. . . 
lltbographio stone ............. . 
manganese .................... . 
mica ................... ....•.... 
millstones ..... .. .............. . 
mineral waters ................ . 
nickel ..... . . . •................ 
ocb r .......................... . 
Paria white ...... . ............. . 
pboaphatea . ...•...•....•....... 
platillum .•..•..•...•••••..•••.. 
pr ciona atonee ................ . 
























Imports, pyrites . . . . . . . . . . • . . . . . . . . . . . . . . 886 
quicksilver..................... 4.00 
red lead ........•. 0 ••••••• • • • • • • 925 
rottenstone....... ........... .. . 722 
salt............................. 850 
sand and gravel . . . . . . . . . . . . . . . . 668 
silver.. ......................... 321 
sulphate of copper. . . . . . . . . . . . . . 951 
sulphate of iron . . . . . . . . . . . . . . . . 953 
sulphur......................... 868 
terra alba....................... 924 
tin.............................. 639 
ultramarine.... . . . . . . . . . . . • . . . . . 929 
umber . . . . . . • . . . . . . . . . . . . . . . . . . . 928 
.whiting . . .. . . . . . . . . .. . . . . ...... 932 
zinc......... . .................. 477 
Indiana briok production . . . . . . . . . . . . . . • . 696 
coal.... .. ....................... 4.3 
coke............................. 163 
drain tile production . • . • . • . . . . . . 701 
mineral waters.................. 981 
salt.............................. 842 
Indian Territory coal . . . . . . • . . . . . . . . . . . . . 45 
coke ... ....... .. ....••. 164 
mineral waters... . . . . . . 981 
India tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 623 
Infusorial earth.......................... 720 
Iodine.................................... 854 
Iolite . .. . . . . . . . . . . .. . . . . .. . . . .••... ...... 743 
Iowa coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
coke ...... . ..... ....... ...... .••... 164 
lithographic stone.... .. . . . . . . . . . . . . 935 
mineral waters. ................ . . .. 982 
Iridium . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 581 
bibliography . . . . . . . . . . . . . . . . . . . . . 588 
price............................. 588 
Iron furnace blowers..................... 297 
linings.... . . . . . . . . . . . . . . . . . . 298 
number..................... 305 
tuyeres...... . . . . . . . . . . . . . . . 298 
Iron on, Alabama .... •.................... 278 
California . . . . . . . . . . . . . . . . . . . . . . 286 
Canada......................... 260 
Colorado...... . . . . . . . . . . . . . . . . . . 281 
consumption.... ......... . ...... 256 
Cuba........................... 260 
Dakota......................... 285 
foreign sources . . . . . . . . . . . . • . . . . 258 
Georgia......................... 278 
imports ... ...................... 257,261 
Kentucky . . . . . . . . . . . . . . . . . . . . . . 278 
Michigan . . . . . . . . . . . . . . . . . . . . . . . 264, 267 
Minnesota . . . . . . . . . . . . . . . . . . . . . . 266 
Missouri . . . . . . . . . . . . . . . . . . . . . . . . 268 
Montana.... ........ . . . . . . . .• . . . 285 
New Jersey . . . . . . . .. . . . . .. . . . . . 274 
New York ..... ...•... ........ .. 270,273 
North Carolina................... 277 
Ohio .. ..... ... .................. 275 
Pennsylvania .........•......... 270, 275 
production.... . . . . . . . . . . . . . . . . . . 261 
purple ... ....................... 898 




Iron ore, Washington ......... . ......... . 
West Virginia ................. . 
"Wisconsin ..................... . 
Wyoming ...................... . 
"Iron Ores in the United States, "by James 
M. Swank ............................. . 
Iron production ........... .. ............ . 
smelting fuel ....................... . 










summary...... . . . . . . . . . . . . 256 
sulphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 952 
world's production..... . . . . . . . . . . . . . 256 
"Iron and Steel Manufacture," by James 
M. Swank.............................. 246 
It~lly antimony ...................... , . ·... 646 
lead................................ 440 
manganese . . . . . . . . . . . . . . . . . . . . . . . . . 555 
mining law........... . ............ . 999 
tin .... ······..•••....••......••.••. 618 
Jad.e ............................. ·.....•.. 766 
Japan antimony......................... 649 
tin .... . .... ..... . .... ...... ...... 623 
Jasper....... ........................... 761 
Jet....................................... 780 
Kainite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 816 
Kanawha valley, coal mining in.......... 131 
Kansas coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
coke............................. 165 
lead........ ... ........... . ...... 425 
mineral waters . . . . . . . . . . . . . . . . . . 982 
salt................ .... .......... 843 
zinc............................. 475 
Kaolin (see Clays) ......... : . . . . . . . . . . . . . . 676 
Kentucky coal . ................. . ....... . 47 
coke ................... _...... 166 
iron ore . . . . . . . . . . . . . . . . . . . . . . . 278 
lithographic stone............. 935 
mineral waters. . . . . . . . . . . . . . . . 982 
petroleum..................... 216 
salt...................... . .... 842 
.Kieselguhr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 720 
Kirchhoff, C., jr., on the copper industry 
of the United States. 322 
on the lead industry of 
the United States.... 411 
on the zinc industry of 
the United States.... 474 
Kunz, George F., on precious stones..... 723 
Kyanite...... .... .... . . . . . . . . . . . . . . . . . . . . 748 
Labor in anthracite mines................ 74 
Lake Superior copper . . . . . . . . . . . . . . . . . . . . 327, 331 
Land plasterproduction ...... ...... .•.... 4 
Law, mining, historical sketch, by Rossi. 
ter W. Raymond....................... 988 
Lazullte. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773 
Lead····································· 411 
Arizona. . . . . . . . . . . . . . . . • . . . . . . . . . . . . 425 
Austria-Hungary.................. . 439 
Belgium............................. 438 
Colorado . . . . . . . . . . . . . . . . . . . . . . . • . . . . 419 
cupellation . .. . . . .. . . .. ...• .. . . .. . . . . 470 
desilverizing ........•.••.•.....•...• 427,462 
exports . . . . . . . . . . . . . . . . . . . . . . . . • • . . . 433 
foreign.............................. 434 
France.............................. 439 
Le:i.d, Germany ...•...................... 
Great Britain .......••••............ : 
Greece ....................... : ..... . 
Idaho ........... .- ...... .. .......... . 
Illinois ............................. . 
imports ............................ . 













Mexico ....... ........... ............ 440 
Missouri . . . . . . . . . • . . . . . . . . . . . . . . . . . . 425 
Montana . . . . . . . • . . . . . . . . . . . . . . . . . . . . 422 
Nevada ...................•......... 
New Mexico ....................... . 




production ...........•............. 2, 412, 413 
red .......... .. ... ·······............ 924 
refineries ............................ 427, 462 
Sardinia............................. «o 
smelting ......•......... .. .......... 
Spain . ............ .... ..•........... 
Utah ............................... . 





Wisconsin . . . . . . . . . . . . . . . . . . . . . . . . . . . 425 
world's production of................ 434 
''Lead industry of the United States," by 
C. Kirchhoff, jr . . . . . . . . . . . . . . . . . . . . . . . . 411 
"Lead Slags," by Malvern Iles . . . . . . . . . . 440 
Le Blanc soda process ....•............ 903, 963,964 
Lennilite . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 769 
Leopardite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 770, 777 
Lignite (see Coal) .....•..••.............. ; 11 
Lime..................................... 3,668 
in glass making......... . . . . . . . . . . . . 968 
Limestone flux .......................... 2, 256,669 
Litharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 925 
in glass making....... . . . . . . . . . . 971 
Lithia emerald . . . . . . . . . . • • . . . . . . . . . . . . . . . 748 
Lithographic stone.... . . . . . . . . . . . . . . . . . . . 935 
Louisiana -mineral waters . . . . . . . . . . . . . . . . 982 
salt............................ 841 
sulphur ...•..•.... ... . ........ 
Lower California nickel .•......••........ 
Macle ........ .........•.................. 
Maine feldspar .......... .........•..... .. 
gypsum .............. ............ . 
manganese ..••.•.................. 
mica ...................... ....... . 
mineral waters ................... . 












Manganese . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 550 
exports....................... 556 
foreign....................... 554 
imports . . . . . . . . . • . . . . . . . . . . . . 556 
in glass making . . . . . . . . . . . . . . 959, 970 
localities . . .. . . . . . . . . . . . ... . . . 551 
prices........................ 55& 
production . . . . . . . . . . . . . . . . . . . 3, 555 
steel...... .. .................. 565 
utilization...... . . . . . . . . . . . . . . 557 
Manufactured fertilizers . . . . . . . . . . . . . . . . . 787, 815 
Marble (see Building stone) . • . . . . . . . . . . . . 662 
Marls ...... ············ ·················· 808 
production .••••..••...... .. .. .. . . . 
lOli INDEX. 
Maryland asbestns ....•....•. . •.•••...... 
chromium ...... ..••. ........•. 
coal. ..................•.•...••. 
cobalt ... ..................... . 
feldspar ...................... . 
manganese ................... . 
mica .......................... . 
mineral waters ............... . 
Massachusetts asbestns ................. . 












chromium . . . . . . . . . . . . . . . . 569 
feldspar . • • . . . . . . . . . . . . . . . 933 
manganese . . . . . . . . . . . . . . . 551 
mica...................... 908 
mineral waters . . . . . . . . . . . . 982 
pyrites . . . . . . . . . . . . . . . . . . . 878 
tin.................... . .. . 597 
Manhes process ... ............. .......... 330, 540 
Martyn, William, on pyrites.............. 877 
Meerschaum . . . . . . . • . • . . . . . . . • . . . . . . . . . . . 780 
Meteoric iron . . . . . . • . . . . . . . . . . . . . . . . . . . . . 289 
Mexico antimony....... . . • • . . . . . . . . . . . . . . 645 
copper........................... 373 
lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440 
mining law. . . . . . . . . . . . . . . . . . . . . . . 999 
tin . ······ ............ ...... .....• 623 
Mica .. ..... . ... .. ...... ..... ............ . 5,906 
Michigan coal.. . . . . . . . • . . . . . . . . . . . . . . . . . . 50 
copper . . . . . . . . . . . . . . . . . . . . . . . . 329, 331 
feldspar . • • . . . . . . • • . . . . . . . . . . . . 9a3 
gypsum....................... 809 
iron ore .•.•••.................. 264,267 
mica. ..... ................. .. .. 909 
mineral waters . . . . . . . . . . . . . . . . 982 
salt................ .. ... .. ..... 828 
Microlite................... . . . . . . . . . . . . . . 772 
Millstones................................ 712 
Mineral paints . . . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Mineral waters....... . ....... . ...... . .... 978 
sales .... .. .... ....... . .. . . 
"Mines and Reduction Works of Batte 
City, Montana," by E. D . Peters, jr ..... 
Mining law, historical sketch, by Roaaiter 
,v. Raymond ... ... .. .... .. ........... . 
Minium ..... . .. .............. .... ....... . 
in glass making ........••......• 
Minnesota iron ore .. .... . ........•...... 
mineral waters ............... . 
Missouri coal . . .... .........•... ........ 
cobalt ...•...................... 
copper .• ....................... 
iron ore ..... ......•............ 
lead ...............•............ 
lithographic at-One ..•... .. .. .... 
mineral watem ..... ........ ... . 

















tungsten . . . . . . . . . . . . . . . . • . . . . . . 574 
zinc............................ 475 
Montana oial. . . . . . . . . . . . . . . . • . . . . . . . . . • . . 52 
coke......................... ... 108 
copp r.......... . • . • . . . . . . • . . . • • 336, 374. 
!ri,o ore......................... 285 
l ·••••·•••·•••·••• •••·•• ••••· 422 
min -..! wa ··•·············· 983 
In.............................. 613 
Moonstone .....• .... ......•....•••..•.... 
Moss agate ..•.......•..•••••............. 
Natrolite .. .. . ........................... . 
N atnral gal! . . . . . . . . . . . • . . . . . • . • . . . ..... . 
analyses .................... . 
characteristics ......... . .. . . . 
consumption ....•............ 
for cleaning tin plates ...... . 
history .....•.....•..•....... 
occurrence .... ..•..•...•. .. . . 
use ......................... . 
Naval brass .......•...•.......••.• a •••••• 
Nebraska coal .... . ..................•... 
mineral waters ..••••.••........ 
salt ...............••........... 
Nevada antimony .....•........••....... , 
borax .............•.............. 
cobalt .....•....•................ 
copper ..........•. . ............•. 
graphite .....•................... 
lead ............................ . 
mica ............................ . 
nineral waters. . . . . . . . . . . . .. ... . 
nickel ................... . ...... . 
salt ..........•.. .... .... ........ 
sulphur ......................... . 
New Almaden, quicksilver reduction at .. 
New Brunswick antimony .......... . .... . 
Newfoundland copper .••.•........... .... 
New Hampshire manganese ...........•. 
mica ................... . 
mineral waters ......... . 
pyrites ................. . 
tin················ ..... . 
New Jersey asbeatns ....•.. ..... ........ 
brick production ........... . 
iron ore .....•..••..........•. 
mica .. ......•.....•......... 









































tin ...... . .. . . . ...... .. .. . .. . 599 
whiteware production . ...... 699 
zinc . .... .. .................. 476 
New Mexico alum .. ..... . ............... . 949 
coal ......•... ...... .. ...... 56 
cobalt....................... 545 
coke........................ 170 
copper..................... . 340 
iron ore...... . . • . . . . . • . . . . . . 285 
lead ..... ....... ..••.. ...... 425 
mica.................... .. . . 011 
mineral waters. . . . . . . . . . . . . . 983 
salt............ .... .. ...... 843 
New South Wales antimony.. ..... ...... 648 
nickel........ . ........ 539 
tin . . . . . . . . . . . . . . . . . . . . 50.i, 610 
New York aabeatua .... . . ..... . . ..... .. . . 913 
brick production . . . . . . . . . . . . 695 
cement .. ...... .... . •. .. .. ... 671 
chromium .. .... . ........... .. 560 
feldspar . . . . . . . . . . . . . .. . . . . . . . 933 
s:-rnphite . . . . .. . . . . . . . .. . .. . . . . 015 
iron ore ....... ................ 270,273 
manrrnnese. ... .. . . .. ... . . . . . . . 551 
mineral waters . . . . . . . . . . . . . . • 083 
petroleum ...•••...•......•.••. 21', 217 
py:itea ......•....... ··•··· ... 879 
INDEX. 1013 
Page. 
New York @alt . .......................... 830 
tin . . . . . . . . . . . . . . . . . . . . . . . . . . 599, 613 
Nickel, California . . . . . . . . . . . • . . • • . • . • . . . . 539 
consumption. . . . . . . . . . . . . . . . . . . . . 537 
foreign. . . . . . . . . . . . . . . . . . . . . . . . . . . 539 
France.. . ........ .............. .. 540 
Germany . . . . . . . . . . . . . . . . . . . . . . . . 540 
Great Britain . . . . . . . . . . . . . . . . . . . . 539 
imports and exports. . . . . . . . . . . . . . 543 
Lower California.............. .. . 539 
metallurgy ...... : . . . . . . . . . . . . . . . . 540 
Nevada .. ............ ....... .. ... 539 
new localities ............... ... . . 
New South Wales ....... ... ..... . 
P ennsyh-ania ......... . ......... . 
production ............•........ . . 
Nitrate of soda in glass making ..•....... 
North Carolina asbestus ............... .. . 
coal ... • ..... ········ ..... . 
chromium ............... . 
corundum ............... . 
iron ore . ... ............. . 
mangl1llese .........••.... 
mica .....•..•............ 
mineral waters .......... . 
phosphate rock ......... . 
salt ...................... . 
tin ......... . ............ . 
Norway apatite ....................... .. . 





Octabedrite ........•.. . . ......•..•••..... 
Ohio bromine •••................•. . •••... 
coal .........••••........•.. ... .. ... . 
coke ...•....•............••......... 
gypsum ............•••............. . 
iron ore ........••••................. 
mineral waters .....•... ~ •........... 
petroleum .......................... . 
salt ...... .. ..• . ...•...•............. 
Oil, mineral (see Petroleum) . .•........... 
Onondaga salt ...... .. ....•.............•. 
Opal ..................................... . 
Oregon coal .•.....•••.••.• .. ............. 
iridium ............... . ... ....... . 
iron ore .••....................... 
mineral waters .................. . 
platinum .....••• . ................ 
Ouvarovite .............................. . 
Ovens, coke ..... ............ .. ... ....... . 
Packard, R. L., on aluminum ........... . 
Paints, mineral .............. . ........... . 
Paris white . ............................ . 
Peale, .A. C., on mineral waters ......... . 
Pectolite . .. ......... . ...... . ........... . . 
Pelhamine ............................. . . 
.t'ennsylvania anthracite ......... .... ... . 
asbestus .................. . 
bituminous coal. .......... . 
area ...... . 
plicee .. .. . 






















































Pennsylvania bituminous coal statistics .. 
brick production .......... . 
chromium ....... . ......... . 
coal. ..................... ·· 







coke ........... _............ 175 
feldspar . . . . . . . . . . . . . . . . . . . 933 
iron ore . . . . . . . . . . . . . . . . . . . . 270, 275 
manganese ................ . 
mica ...................... . 
mineral waters ..........•.. 





petroleum . . . . . . . . . . . . . . . . . 214 
stoneware production...... 698 
varieties of bituminous coal 78 
wages and strikes in bitu. 
minous coal mines . . . . . . . 85 
zinc........................ . 476 
Peristerite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 771 
Perry, Nelson W., bibliography of irid· 
ium ........ .. .......... . ...... .. ...... . 588 
Perthite .... . ; . .. . . . . .. . . . ... . •. . ......... 771 
Peru iodine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 866 
Peters, E. D., jr., on the mines and reduc· 
tion works of Butte City, Montana . . . . 374 
Petite .Anse salt.......................... 841 
Petroleum.... . . . . . • . . . . • . . . . • . . . . . • . • . . • . 214 
California ... : ......... ...... ... 218 
Colorado................ . ...... 216 
exports . . . • • . . . . . . . . . . . . . . • • . . . 228 
Kentucky . . • • . • • • • . . . . • . . . . . . . 216 
market........................ 225 
New York..... ... ............. 214 
Ohio ... ..................... ... 215 
Pennsylvania . ..... . . . . . . . . . . . . 214 
prices...... .... .. ...... ....... 224 
production . . . . . • . . . . . . . . . . . . . . 2, 221 
Russia ...... •.••.. ...... ... .. . 231 
stocks . . . . . . . . . . . . . . . . . . . . • . . . . 224 
well!< ...... ... . . . .... . . •. ... ... 222 
West Virginia . ..•.......•. . . . : 216 
Wyommg ...........•.•...• :-. .. 217 
Phenakite ................. , . . . . . . . . . . . . . . . 740 
Phosphate rock..................... .. ... 783 
production . . . . . . . . . . . . . . . . . . . . 4 
Phosphates, foreign . . . . . . . . . . . . . . . . . . . . . . 803 
Phosphorus from ii-on slag.... . . . . . . . . . . . . 805 
Pig iron (see Iron) . . . . . . . . . . . . . . . . . . . . . . . . 248 
Pipe, drain............................... 694 
Pipe, sewer ....................•.......... 693, 701 
Pipestone ...... . ... . ............... ! . . . . . 778 
Plaster...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 809, 814 
Platinum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 576 
exports......................... 578 
foreign . . . . . . . . . . . . . . . . • . • . . . . . . 576 
imports . . . . .• . . . . . . . . . . . . . . . . . . 578 
production ....... _ ......... - . . . 3,577 
uses............................ 579 
Plumbago (see Graphite) ............... _. 5, 915 
Pneumatic process for nickel. ...••...... . · 940 
Porcelain ...... . .. .. . ... ... . .. -. . . . . . . . . . . G89 
Portugal antimony. . . . . . . . • . . . . . . . . . . . • . . 645 
copper . . • . . . . . . . . . . . . . . . . . • • • . . 367 
manganese . . . • . . . . . . . . . . • . . . . . . 555 
pyrites . . • . • • • . • • . . • . • • . . . . . . • . . 882 
1014 INDEX. 
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Portugal tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 618 
Potash in glass making . . . . . . . . . . . . . . . . . . 967 
Potassium bichromate . . . . . . . . . . . . . . . . . . . 572 
Pot clay . .. · ... . .... ....•................ . 684,973 
Pots, glass . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . 684, 973 
Potter!!' clay...... ... ................ . ... 676 
Pottery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 685, 699 
Prase ·.................................... 753 
Precious metals (11ee Gold and Silver) . . . . 312 
Precious stones . . . . . . . . . . • . . . . . . . . . . . . . . . 723 
imports . . . . . . • . . . . . . . . . . . 782 
production . . . . . . . . . . . . . . 4, 781 
Prices, aluminum . . . . . . . . . . . . . . . . . . . . . . . . 658 
antimony........ . . • . . . . . . . . . . . • . . 651 
bismuth . . . . . . . . . . . . . . . . . . . . . . . . . . 655 
borax........... . ................. 859 
brick................... .......... 709 
bromine • • • . . . . . • . . • . . . . . . . . . • . . . . 852 
cement ....•...................... 671,676 
coal . . . . .....• .....• .... ......• ..• 75, 87 
cobalt............................ 549 
copper............................ 348 
feldspar . . . . . . . . . . . . . . . . . . . . . . . . . . 934 
iodine . . . . . . . . . . . . . . . . . • . . . . . . . . . 855 
iridium . . . . . . . . . . . . . . . . . . . . . • . • • . . 588 
iron ...... ......... ... . .. ... ...... 251 
lead.............................. 428 
manganese . . . . . . . . . . . . . . . . . . . . . . . 556 
quicksilver . • • • • • . • • . . . . • • . . • . . . . . 497 
sulphur................... . . . . . . . . 868 
tin................................ 637 
zinc . . .. .. ..... ....... ........... ... 478 
Production statistics, 1882. • • • • • . • • . • • • • • • 9 
1883. .•. ..•••. .••... 8 
1884. ••·•••·•••·. ••. 1 
Prospecting for anthracite • • . • . . . . . . . • . . . 106 
corundum . . . . . . . . . . . . . . . 717 
Pumice stone..... . . . . . . . . . • . . . . . . . . . . . . . . 721 
Purple iron ore . . . . . . • . . . . . . . . . . . . . . . . . . . . 898 
Pyrites .. .... . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 768, 877 
aasaying . . .. . . .. ...... ... . .. . . . . . 887 
burners . . . . . . . . . . . . . . . . . . . . . . . . . • 890 
compared with sulphur . . . . . . . . . . 900 
competition . . . . . . . . . . . . . . . . . . . . . . 900 
consumption . . . . . . . . . . . . . . . . . . . • • 888 
domestic sources . . . . . . . . . . . . . . . . . 877 
foreign deposits.................. 881 
imports . . . . . . . . . . . . . . . . • . . . • • . . . 886 
production ..•......•••.......... 5, 885, 889 
Pyrolusite . . . . .... .................. 550, !'.170 
Pyrope... .... .......... .................. 746 
Queensland tin .......... ....•..... ...... : 620 
Quickeilv r . . . . . . . . . . • . • • • . • • • . • • • . ••• • • . 492 
Austria...................... 406 
exports........... . .......... 500 
furnaeea . . . . . • • . . • . . . • . . . . • . . 507, 512 
imports........ .............. 499 
new n ea.................... 503 
or 
pri ························ 
production .............. . ... . 
pain •..• ..........•..••...•. 
"Qui k Uver Rertuctlon at New Alm.a-
d~," by n 1 B. Chrtaty ......•. .. .. 








Raymond, Rossiter W., historical sketch 
of mining law . . . . . . . . . • . . . . . . . . . . . . . . . . 988 
" Recent Improvements in Desilverizing 
Lead," by H. O. Hofman. . . . . . . . . . . . . . . 462 
Red lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 924 
in glass making . . . . . . . . . 971 
Refractory linings . . . . . . . . . . . . . . . . . . . . . . . 298 
Refineries . . . . . . . . . . . . . . . . . . . . . . . . . 427 
copper. . . . . . . . . . . . . . . . . . . . . . . . . 330 
lead . . . . . . . . . . . . . . . . . . . . . . . . . . . 427, 462 
Retorts, gas. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 683, 697 
Rhode Island coal. . . . . . . . . . . . . . . . . . . . . . . . 87 
manganese..... . . . . . • . . . . . . 551 
mineral waters . . • . . . . . . . . . 984 
Rhodonite.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 766 
Roasting copper ores. . . . . . . . . . . . . . . . . . . . 389 
furnace, pyrites............. . . . . 890 
Roofing tile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 681 
Rottens tone ........ .. . ......... : . . . . . . . . . 722 
Royalty in coal mining . . . . . • . . . . . . . . . . . . 134 
Rubellite . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . 744 
Russia, chromium. . . . . . . . . • . . . . . . . . • . . . • . 571 
iridium . . . . . . . . . . . . . . . . . . . . . . • • . . 581 
manganese ..•..................•. 
mining law ..............•...•.... 
petroleum ....................... . 
platinum ......•................. 
tin .. ............................ . 
Salt .. ................................... . 
foreign .... . .. . .....................• 
imports and exports ..•.............. 
in glass making ........... ... ...... . 
production ........ ................. . 
Sandstone (see Building stone) ....... .. . . 
Sapphire .... .......... . ................. . 
Sardinia lead .... . .......• ................ 
Satin spar ............................... . 
Scales, coal mining . . . . . . ..... . ......... . 
Scapolite . ... ............................ . 
Schorlomite . ............................ . 


















Serpentine .... ........ .... .............. 775,776 
Sewer pipe .. ............................. 693,701 
Shelf burners.................... . . . . . . . . 891 
Sicily sulphur....... .... ................. 868 
Sienna... . . ......... .............. ........ 928 
Silica in glnss making . ... . . . . . . . . . . . . . . . . 958 
Silicified wood... . . . . . . . . . . . . . . . • . . . . . . . . 758 
Silver.................................... 312 
consumption....... ....... . .. ...... 319 
imports and exports . . . . . . . . . . . . . . . 821 
production . . . . . . . . . . . . . . . . . . . . . . . . 2, 812 
world's production . . . . . . . . . . . . . . . . 319 
Slag, phosphorus from . . . . . . . . . . . . . . . . . . 805 
Slate and shale ground as a pii,nent . .... 929 
Smalt.......... . ................ ...... .. 548 
Soda in glas1:1 making........ ... .......... 963 
odalite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773 
odium bichromate . .. ... ................ . 
Solvay soda process ... .................. . 
Sonora. antimony . . . . ................... . 
South Carolina asbestus . ................ . 
mineral waters ..•........ 
phosphate rock .......... . 









Spain antimony ........•••.•............. 
copper ••••••.•••••..•••...•••••.... 
lead ......................... . .... . 
manganese ..•......•.•............ 
mining law ..•..•..•..•..•......... 
pyrites .............•••............ 
quicksilver .......•...•••••........ 










zinc .....•...........•...... , ...... 489 
Speigeleisen ...•...........•••...•••.. 254, 559, 263 
Spelter (see Zinc)......................... 474 
Spence pyrites furnace:..... .... .... . ... . 892 
Spine!. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 737 
Splint coal.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . 91, 133 
Stall roasting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389 
Staurolite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 742 
Steel, Rad:field's manganese.............. 565 
Steel plates for tinning................... 636 
production . . . . . . . . . . . . . . . . . . . . . . . . . 250, 256 
works...... .... .... ... . ........... . 250 
Stoneware . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 685, 698 
Stowell, S. H., on petroleum.... .......... 214 
Strait's Settlements tin . . . . . . . . . . . . . . . . . . 621 
Stream tin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 503 
· Stubbs, W. C., c;m the phosphates of Ala-
bama...... ....... .... .. ...... ...... .... 794 
Stucco .......... .. .............. ..... ... . 4, 809, 814 
Sulphate of copper production. . . . . . . . . . . . 2 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 864 
compared with pyrites . . . . . . . . . . . 900 
extraction ....... _......... . . . . . . 872 
foreign . . . . . . . . . . . . . . . . . . . . . . . . . . . 868 
imports . . . . . . . . . . . . . . . . . . . . . . . . . . 868 
production....................... 5,'868 
recovery from tank waste . . . . . . . . 902 
Sulphuric :tcid from pyrites. . . . . . . . . . . . . . 868 
Summary, 1882 . . • . • . . . • • • • • . . • • . • . • • • • . • • 9 
1883 .. ..••.•••.• •••••• .... . •.. • 8 
1884 .•••••. •. • . . .•. • . • ... . . . . . . 1 
Sunstone . ..... . .............. ....... ·... .. 771 
Superphosph:ttes . . . . . . . . . . . . . . . . . . . . . . . 787, 815 
foreign . . . . . . . . . . . . . . . . . . 803 
Swank, James M., on iron ores in the 
United States. 257 
on manufacture of 
iron and steel. . . . 246 
Swerlen manganese . . . . .. . . . . . . . . . . . . . . . . 555 
tin ... ............................ 619 
Syracuse sal t ........... .. ................ 830, 832 
Tasmania tin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621 
Temescal tin district..................... 614 
Tenllessee coal.... . . .. . . . . .... .. . . .. . . . . . 88 
coke........ ...... ............ 196 
iron ore . . . . . . . . .. . . . . . . . .. . . . . 278 
lithographic stone............. 935 
mineral waters . . . • . . . . . . . . . . . . 985 
salt.................. .... ..... . 842 
Terne plato alloy....... . . . . . . . . . . . . . . . . . . 632 
plates.................. . ........... 637 
Terra alba................................ 924 
Terra cotta . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 692, 700 
lumber...... . . . • . . . . • . . . . . . • . 682, 697 
Texas coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
copper............................ 342 
lithographic stone................. 935 






Thomsonite ......................... ;.... 774 
Tile and brick production................ 3 
encaustic..... ...... ..••.. ... •. ...... 692 
drain.. . . . . . • . . • • . . . . . . . • . . . • . . . . . . . . 694, 700 
hollow ....... ·.. . . . . • • . . . . . . • • • . . . . . • . 682 
roofing.............................. 681 
Tin........ ...... .... .....•.•...••....... 592~ 
foreign sources. ~. • . . • • . . . . . . . . • . . . . . . 615 
imports and exports. . . . . • • . . • • • • • . • • . 639 
ore, origin of.......................... 595 
physical properties . . . • . . . • • • . • . • . . . • 625 
plate industry .. , ............. : ....... 633 
prices .............•.•....••••. ·..•.•.. 637 
production. . . . . . • . . . . • . ••• . • • . . . . . . . . 3 
Titanite ..... , ...... ·················· ; ·· 774 
Tools, coal mining........................ 136 
Topaz.................................... 737 
Tourmaline.............................. 743 
Trinidad asphaltum...... . •. . . • • •• • • . . . . . 937 
Tripoli . . . . . . . . . . . . . . . • . . . . • • . . . . . . . . . . . . . 720, 722 
Tungsten . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . 574' 
Turquois....... .....••... ...•..•.... ...... 767 · 
Tuscany borax ........... ,................ 859 
• Tuyeres ............... ~ . . • . • . • . . . • . . . • . • 298 
mtramarine. .. . . . .... .. .••. .. •••••• .••... 928 
Umber................................... 927 




copper . . . . . . . . . . . • • . . • . . . . . . . . . . • . . 342 
graphite . . . . . . . . . . . . • . . . . . . . . . .• • . • 916 
gypsum............................ 812 
iron ore . . . . . . . . . . . . . • . . . . • • . . • • • • • • 288 
lead................................ 416 
mineral waters. ... . .. . . . . .... .. . . . . 985 
ozocerite . . . . . . . . . . . . . . . . . . . . . . . . . . . 955 
salt . . . . . . . . ... . . . ... .. .... .. ...•.. 844 
sulphur . . . . . . . . . . . . . . . . . . . • . . . . . . . . 866 
Valentine, J. J., goldandsilverstatistics. 314 
Values of mineral products . . . . . . . . . . . . . . 1-11 
Ventilation io coal mines....... . . . . . . . . . . 124, 139 
Venezuela copper........................ 374 
Vermilion................................ 3,501 
Vermont chromium. ..................... 569 
copper......................... 343 
manganese . . . . . . . . . . . . . . . . . . . . . 551 
mineral waters................. 985 
pyrites......................... 878 
Victoria antimony . . . . . . . . . . . . . . . . . . . . . . . 646 
tin·-···························· 620 
Virginia asbestus...... .... ...•... ... . . .. 913 
chromiu~. . . . . . . . . . . . . . . . . . . . . . . 569 
coal............................. 90 
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